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oRCHD CONCRETE 


- paper presents the results of ‘measurements to d 


behavior of an open-spandrel reinforced conerete arch The ‘measurements 
began while concrete was being placed in the a 


about one month after the bridge completed, a ‘period of about 


months. work included ‘measurement of strain in steel and ‘concrete, 


beginning with zero strain w concrete was being placed determination 


of the compressive strength, modulus of rupture, and modulus of elasticity 

the concrete used in the arch rib at various ages; measurement. ; of the vertical — ii ota 
movement of the arch rib at the crown, beginning just after the last section of 


the rib had been completed ; measurement of movement of abutments; measure- — 
ment of temperatures | at various points in arch rib; ‘mensurements of 
movements in expansion joints in 


Practically all the tests and measurements to 


‘reinforced. concrete “arches have been made on structures, either 


of full size or of model siz _ The measurements made were of | hanges of os 


strain to varying load or temperature conditions—the i increases" or 
decreases beginning at some unknown initial strain. ‘This initial strain in 


steel or concrete is due to dead load, to temperature changes, and to setting 


admirable study “of. live | load stresses. in an 
number of studies also been made of the effects of changes 


concrete arches; among which the work by the University of Illinois, under 


= NOTE. Written on this paper will be fa March 


1 Proveeaings, ‘Am, Soe. CE, March, 


» 
termin ‘ . 
— 
Miri 
| 
7h, 
1929, Papers and Discussions, p. 608. 


‘BEE AVIOR OF AN ARCH DURING CONSTR 
the direction of W filson, M. Soe. C is probably the “most 
If was “any reliable information on the initial stresses in ‘arch 


ribs, tests which have been made, would well | complete the picture of arch 


"Present practice in reinforced conerete design i is based largely on 


“fini shed product” assumptions, little ‘account: being ‘taken of necessary con- 
struction stages, temperature variations d due to ¢ chemical action of the cement, 


but the accuracy of some of the stress computations is 

«Tt is recognized that the tests and measurements herein presented are in no 


way conclusive, but they indicate phenomena well worthy of further study, 
which probably should be taken into account in conerete design, 


The bridge on which the measurements,were made is in Putnam Sie 
a ‘near Eatonton, Ga., = and consists of an open spandrel arch with a span of 160 ft. 


and a a rise of 46 ; with concrete girder approach spans ‘at each end. _ The 


* general elevation and plan ¢ of the structure are shown in Fig. 1. The abut- 
ments at each end of the. arch ‘span and the centering for. the | arch ribs were 


“founded on rock. The decks of, the arch are slabs with spans of 15 ft., con: | 


tinuous over one point of support. See Fig. 2. Expansion joints of asphalt 
were placed between each of ‘the slab s¢ sections ; and at the 


Pins for Level Bar Point B 4 
tai \ constant Tension Wire 


Expansion Expansion Expansion Expansion Measuring Horizon 

» Joint No. 6\, Joint No. 5 al Joint No.4 Joint No. 3 No.2 of 


AND ELEVATION ARCH BRIDGE NEAR EATONTON, 


ig rag, et giz no shen jad 
All were handled by an overhead cableway over the center line 


of the bridge. Conerete was dumped directly from the mixers to bottom- -dump 
buckets hoisted by the cableway and dropped from ‘the buckets into hoppers, 
y 

from which it was led by short chutes into the forms. The mixing equipment 


consisted 0 f one 2-sack mixer and 1-sack mixer. 
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for. the concrete were handled by wheel- barrows | stock 


iles. to the mixers: and were measured by bottomless measuring boxes while 


being loaded into the wheel-barrows. The bulking» effect of the damp sand 
ow as ‘measured - twice each day and correction was made in the mix for this” 3 
bulking. Coarse aggregates: were measured loose. “tn. 
The concrete was a nominal (1:2: mix and the was 
efully gauged | 
time of mixing was somewhat than ‘usual, to delay. i in a handling 
bo ttom-dump buckets on the cableway. alt, varied from about 2 min. to as 
The coarse aggregate for the concrete was in size i 
4 in. and was a mixture of one-half screened washed quartz gravel and one ie 
half blast-furnace slag. fine aggregate was a clean quartz and ‘graded 
4 in. in size, and less. One brand of standard commercial cement was used. 
Tests showed no unusual c characteristic although the cement was possibly 
q ground somewhat finer than usual. ‘The: reinforcing steel was. 


stock, of intermediate grade, deformed there 
for was: of ordinary wood at tthe ends, 


poured, was in. up-stream ‘rib ‘ib and in. on -stream rib. 


e The deflections of the side. spans when the closing sections were poured, were 
S&S in. on all four sides. Placing concrete in the haunch and the closing sec: 
_ tions caused no appreciable movement of the crown. An allowance for settle 


r ment of 1 in. for the center span and § in. for the side spans was made in 


Bi in Fig. All steel reinforcement: the arch ribs wired securely in 
~ place before the pouring began. © Dabo was placed in both ribs at the same 
time ¢ and began with pouring of ‘the crown ‘section, (A), on May 11. The west 


haunch section, (B), was poured on on “May 14, the east haunch section, (C), on 


May 16, and the closing sections, (D and E), on May 18. _ After completing na 
arch ribs the contractor shifted his forces to work on 


. "spans so so that no further work ¥ was done on the arch, except n minor form work 
- fer spandrel columns, until 1 after the centering was lowered on June 11. The > 


wedges between the | centering and forms were held so tight that they had to be 


_ After the centering was lowered, spandrel columns and decks were built, | 
the main part of the work being « completed on August 3. 3. The central section 


of the deck, 45 ft. long, was poured first. and, « as this was a a convenient storage _ 
place for 4 form material, it was subjected to a a continually varying load. This Rye 


| 


was | not of sufficient magnitude, however, to affect stress measurements es 


control were: e-made regularly while the was 
| Hao in the arch ribs. For the compressive strength of the concrete twenty- 
6 by 12-1 in. “cylinders were m made “These ‘were in and 


vin 
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BEHAVIOR ¢ or 


aes and 90 days, three or fou ur cylinders” being broken at eac 1 age. - For the 
_-- modulus-of- -rupture test, , twelve 6 by 6 by 30-i -in. beams were cast. ~The beams 
_ were stored in damp pre and were broken at the same age as the cylinders, 
he r modulus- -of- elasticity tests ten 
12-1 -in. cubes were ‘east. ‘these 8 by 12-i -in. ‘cores were drilled ‘and 
tests ‘were made on the drilled cores. The cores were drilled and capped the 
A P ‘day before the tests ; were to be made, two cubes being. used for each age 


Tests were made at tages: of 7, 22, 28, , 60, and 90 days. It was the intention 


to test them at the same ages” as the cylinders, but there was a delay i in ship- Qe 


ment on some of the the second test was from 4 to 22 


Ronde at D. ©. of all ‘conerete ‘teats are in 


be wode 


art tol 2h 


q 


23m | $87 _ 4 525 


aif 564 ory 
783 


Modulus of elasticity of ten { | 8 140 000 5 100 000 


- 6 by 12-in. bored cores..... : 4 220 000 3 960 000 
3 680 000 | 4 530 000 


a3 In planning the tests it was originally intended to check the zero readings 


a the instruments and the thermal coefficient: of the « concrete from a large 

test block of reinforced concrete, for convenience referred to as Test Block A. 
This block was 24 in. wide, 22 in. ‘deep, and 72 in. long, and it was reinforced ‘ 

with ten -in., round bars hooked at each end. Five bars were ] placed in. 

cs below the top face, and five, 24 in. above the boviddis: ahd fastened together by 
round bars bent into rectangular | hoops, spaced 15 in. apart. The end 
ar of this block was one-fourth as much as that of the arch rib near the 
and the percentage | of steel was: the same i in both cases, » 
to have. no stress in Test Block A, therefore, forms were | 


e and supports remained plac . it is robable, 
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BEHAVIOR OF “AN AROH DURING CONSTRUCTION 


‘that the block acted as a simple beam between the end supports f) 


were 5 ft. apart, causing small bending stresses. The forms remaining 


i in place probably caused a difference i in the drying « out: of the concrete between 
top and bottom of the block. eats eet haol 


strain measurements in both steel and concrete were made by means 


of McCullom- Peters electric. telemeters.* The single resistor “cartridge type 
used in the. concrete and the. double. resistor type, 0 on the steel and on 


telemeter consists essentially of a carbon u 


stack, causing a change in its glectricel ‘resistance. 
fore, measurements are made of changes in electrical 1 resistance, and from — 
the: calibration curves these measurements can be translated into changes in 
distance” between gauge ‘points. In the double resistor type there_ are 


-earbon stacks, and change in distance | between gauge points increases the 
pressure on one stack and decreases it on the other. - These two stacks are 
k placed in the circuits of a Wheatstone bridge to measure change i in resistance. 
In the cartridge type of telemeters, which | were embedded in 


one carbon stack fixed between the end shoulders. 


the of the circuit, which can readily be measured. 


b, _ The telemeters on. the surface of the concrete were fastened by screws to 
- short ot steel plugs which were placed in the concrete while it was still plastic. 


Those on the steel reinforcing bars were fastened by screws into tapped holes 
Short sections of t the bars to which the telemeters 


fastened, were left exposed by building small boxes ai around them to keep out 
wet concrete. Fig. 2.) The telemeters of the eartridge type were 


fastened i in place in the forms by wire before the poured and 


‘The telemeters were placed « on the west half of the up- stream arch. rib | 


were located so as to measure | strains: at the crown section, at the quarter- 
“point, a at a section near the haunch of, the a arch, on Test Block A, a. 4 
cross-beam between ‘the arch ribs. ‘the crown section a telemeter 
fastened to the steel and to ‘the concrete at both the intrados and ‘extrados. Two 
of the “cartridges” v were also embedded 5 in. from the surface of the concrete _ 

at the extrados and at the intrados, respectively. At the quarter- point, tele- 

"meters ¥ were fastened ‘to the steel at the extrados and. intrados. the haunch 
section they were fastened to the steel and to the surface of the concrete es es 

extrados and intrados. The ‘ “cartridges” were embedded 5 in. . from the sur- 

- face of f the ¢ oonerete at extrados and intrados and at the center of the section. art 


Test Block A_ they fastened to the surface of the concrete and to 


“Recent Developments and Applications of the Electric Telemeter,” by O. Peters, 
Proceedings, Am. Soc, for Testing Materials, 1927, and No. 247, U.. 8. 
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"were fastened to the the and to the at the bottom 
st Te of the beam. All lead wires from the telemeters were carried to the instrument 


_ house where readings were made. 
Resistance thermometers were fastened to each of ‘the telemeters. Others 


embedded i in the concrete near the telemeters attached to the surface of 


the concrete. In interpreting readings of the telemeters. fastened to the sur- 
"face of the concrete, or embedded in the concrete, it is necessary to make 
correction for temperature changes. — This correction is due to difference in 
eh temperature and coefficient of « expansion of the concrete and the instruments. 
5, _ Observations began about twenty-four hours after the concrete was placed 

. and readings were taken at 6 :00 a. M., when 1 the temperature was very nearly 


and at 3:00 p. M., when it was very nearly maximum. ‘They were 
recorded on data sheets prepared for this job. . The arrangement of typical | 
= sheets, with sample readings and corrections, is shown i in Tables 2 and 3. ; 


TABLE pda 


8-1-28; Te 6:00 A. M; WEATHER, Farr; TEMPERATURE, 68° FAHR. 


—, 


= 


7 Ohms 

|Inches.| or | Inches.| | total. 


2 

= 


—0.00062 | —0.000049 


:001772| +0.001772 | - 
0.001309} 0.001309 | 
—0. -000764 0.000764 


000052, —2.7 |+-0.000848] —0.000296 | 0 


I]. 


To. each of the telemeters were assigned | a letter and number symbol indi- 


wad the location of the instrument, material wd which it was fastened, and 


ignifies telemeter on at ete. the two 
zero reading was taken as shown i in Columns (8) and (4) of Table 9. The 


instruments were calibrated s so that each division on m the milliammeter scale 


a definite strain for 6 volts in the circuit. Column shows 


the top and bo 
the steel on plie 
— 
&§ 
ster 
the 
of 
= 
—0-000 
— 
—0.000036 
4 
‘ 
hy 
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BEHAVIOR OF AN ARCH DURING CONSTRUCTION 
the difference between the xeddinga, in in inches, for a 8- in. gauge length; Col- — 
umn (9) is the total unit of deformation (Column | (7) divided by the gauge 
length). The temperature correction constant for the instrument is 


ease: may the temperature. correction for ‘the material to which the 
meter is fastened. _ This sum is shown as the temperature correction (Column > 
(8)).. No temperature corrections were made for the telemeters fastened to the 
steel bars, because the coefficient of ‘expansion for the steel was 


the same as that of the telemeters, and the temperatures were the same. . The ; 
resistance ‘of the cartridge type of telemeters was measured in ohms, : and the 


deformations were determined from calibration curves. The gauge 


of these instruments was s 6 in. and temperature ¢ corrections were made it 


somewhat the same way as in the two- resistor t 


TABLE 3.— —EXAMPLe 0 or Form Usep Reapincs In TEMPERATURE CoILs. 


fos: Dees, 81-28; 6:00 A. M: WEATHER, Parr; TEMPERATURE, 68° Fane. 


Temperature 


centigrade. 
centigrade. 


in degrees 
empera' 


telemeters. 
 formaterial. 


 correctionfor 


mn 
be 
i=} 


—16 
662 | | —85 


~ 


SONA 


128 


_—280 
—288 | 
— 61 


por 


‘Top constant tension wire = 2 460 Ib. per sq iy fies in 19, 

abutment constant tension ‘wire reading = sq. in. 
"East abutment constant tension wire 1 965 Ib. per sa. in. oh 


was the original plan to have readings from ‘telemeters fastened to 
Test Block A and to the cross-beam between the arches serve as check read- _ 


r scale 


shows 


ind 


pers. 
— 
— 
ttom a 
ment 
thers 
sur- 
In 
ents. 
— 
laced 
ea — 
pical = 
nd 3. 
te 
Tes E ... 
TecC ... — 
-000152 
000031 
000236 
eich 167 158 | —122 | 518.3 
| +162 | —128 | 518.4 # 
meters | : 
The | 
JNO KNOWN SUess Was lO De expected ne test 
very minor bending stresses. It was found, however, that ee ct. 
icated quite appreciable stresses in ck and the 


The stresses indicated ty the readings vary so ‘the 


_ different temperatures and setting conditions of the concrete that there seems 
‘ to be little hope of correlating the readings” to those at any of the other sec 


tions. It was at first believed that these surprising resulta;: ‘indicating Very: 


appreciable. stresses, were caused by errors in the instruments or the 
reducing the readings. A careful check, however, indicated that such was 
Due to lack of funds it was. necessary to discontinue the field 


early in September, when all instruments were. ° ‘Rough 
checks were then made in the laboratory « of the Georgia Highway Depart Z| 
fay 


4 ment to ‘determine whether these i instruments functioning properly. 

a er The telemeters were fastened to a 1-i -in. square ‘gtedl bar in a Universal ‘testing 


_ machine of the screw type. When they had been balanced and zero. peel 


e. These tests ‘that the telemeters were working and, 


on the whole, were e surprisingly accurate. | W The question has been raised | as 
to the steadiness of the telemeters in retaining the zero readings under | average 

field conditions. his characteristic of the instruments has b been checked 


S. Bureau of Standards, readings were found t to be 


The strains developed in the steel of Test Block 80 
surprising that ‘it was decided to “make another set of "measurements on two 


new test blocks of about the : same size. c, These. blocks w were 25 by 25 by 60 in 
MM and were cast in a vertical position. They were reinforced by five Z-in. round 

Bis steel bars hooked at each end and placed 23 in. from the surface of the con- 
— erete on opposite fe sides of e each of the blocks. _ Two of the bars on each of the 
einforced sides were exposed at the center by placing small boxes around | 
them. The blocks were east in vertical position to avoid any possibility of 


‘ bending stresses and also to have the drying out of, ‘the concrete as nearly 
ual as post ible on both ‘the rei iforced sid 
possible on bo e reinforced sides. aa 
3 Be The same aggregates, proportions, and methods of 1 mixing were used as in ‘ 


the concrete arch ring. _ The cement in Block No. 1 and that in the arch rib_ 


were of the same brand. In Block No. 2 2 another brand of standard commer- : 
| 
‘cement v was used. Ordinary tests” show the characteristics to be practi- 


ally the same, except that the cement for Block No. 1 contains 12% mag- 


nesia, while that for Block No. 2 contained 3.0 ‘per cent, Both blocks were e | 


os the nytt and 1 minimum air - temperatures are shown in n Fig. 4, ‘The 
conerete “showed the same characteristic early rise and gradual fall as 


found i in the concrete of the arch rib. ‘ovad al 


he The stresses developed in the steel are shown in Fig. 5. Four atiatioters 
ft were fastened to each block and readings were taken at 8:30 Fi M., and at 4 80 
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in in the steel bars may be explained by the difference 
in the coefficients of ¢ expansion 1 of steel and concrete, ‘The | generally accepted 
value of the coefficient for steel is 0. 0000117 in in. per i in. per degree centigrade. — 7: 
The tests. on the coefficient of expansion for conerete made at the ‘University 
of California in connection with the Stevenson Creek Arch Dam investigation* 
indicate that the yaine 1 be: that case varied from 0. 000007 to 0. 000009, with an . 
‘made to the of expansion of on this work are not 
considered reliable, but the indicate values somewhat higher than the average Ma 
of those found in in the Arch Dam Investigation. . £0. 0000082 is assumed as a : 
fair value, the difference between the coefficient for steel and the coefficie 


for concrete 2 would be 0.0000035 i in. per in. ‘per degree centigrad “i 


2 


@ TEMPERATURE AT CENTER | 
OF TEST BLOCK NUMBER 2 


_ | OF TEST BLOCK NUMBER 


Fic. or TEMPERATURE Tast Biocxs Nos. 1 AND 2. oft. 


The tem erature curves (Fig. 4) show that there was a sudden rise very 
3 pe 


after the concrete was placed and while set was” developing. The tem 


_ perature remained high f pw several days a and then fell gradually to that of the 


tie 


air, This rise in ‘temperature took place before the concrete had set suffi- ad 
ciently t to develop any bond, and, while the temperature was still high, the 
set was completed and bond developed between the steel and the concrete. 
Then the temperature fell gradually to that of the air, the concrete and the on 
to shrink in accordance with their ‘respective cocficients of 
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a unit and ‘neither | can shrink i in accordance with its ‘coefi- 
Gale of ntncsetfoowt is developed in both steel and conerete due to = 
difference in coefficients. The steel te mds to shrink faster than the ‘concrete, 

but is gripped by the slower shrinking concrete; a tension stress eh in 


the steel and ¢ 1 stress in the concrete. 


 @ TEST BLOCK NUMBER a Shy ) TEST BLOCK NUMBER 2 


ae illustrate, an approximate comp utation of the stress in ‘the steel of Test 


pe Blo ck No. 1 will be given. From Fig. 4 the > fall i in n temperature of of the ; concrete 
ae n Test Block | No. 1 was 3 17 degrees. The stress in the steel ’ from this Cause on 


yp Gusta 20 would then be 0. 0000035 xX 17 K 30000 000 = 1785 Ib. per sq. in, 
“(modulus of elasticity of steel = = 30 000 000). _ This method of computing the 


stress is not exact, because it does not take into account the small amount of 


compression in the concrete, but i it is very close wherever the area of steel is 


small when compared with that of concrete. A more exact method of com- 
a puting stresses in a case of this kind has been given by Professor Wilson.* > 


nay The stress i in the steel of Test Block No. 1 was 3 300 Ib. per sq. in. on 


October 20 (see Fig. 5(a)), , which is more 1 than can be accounted for by the 


difference in the coefficients of expansion. Po : check the stress in the steel 


_ the telemeters were removed a: and gauge points | established on the exposed part 


Ree ae ‘of the bars. wi The distance | between the points was measured with a Whittemore 


= tela gauge. ge. The bars were then cut just above the upper gauge point, thus 


‘ releasing all stress without disturbing t the points. The original distance 


b 


é etween the gauge poin nts” (10 in.) decreased 0. 0009 for one bar and 0.0011 for 
NG oa the other after the bars } were cut, indicating an. average stress of 3 000 Ib. per 


in. as a8 compared with 3 300 Ib. per sq. in. shown by the telemeters. tem- 


perature o of the block and bars was 18° cent. when the bars were cut. 


‘The stresses measured in the steel and concrete at the three sections of the | 

arch, in the cross- “beam between the arches, and in the test blocks, are shown 

curves represent averages of strain “measure- 

ments and iil as shown by two sets of readings each cay, ; erratic readings. 
and sudden breaks in the curves have been “ironed out.” i nlae considering 

: a data of this kind, it must be remembered that the strains being measured are 


small—generally only a few -thousandth parts of an inch. 
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BEHAVIOR OF AN ARCH DURING CONSTRUCT apers, 


The influence lines for the rib are shown in Fig On of 


curves” of stress in the sections of the arch rib is dashed Une marked ~ 


“Theoretical: Stress. This stress represents load only, no allowance 

made for temperature. The stresses ‘were ‘computed on the basis of the 

teel taking all tension, an assumption generally made, but Phieh i is probably — 

in error. The changes in the dead load stresses were caused by varying loads 
as the construction of the spandrel ‘and decks progressed. 
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sae 4F rey" —OBSERVATIONS oF STRESS IN Test BLOCK A. 
An examination of the curve diagrams of measured stress as compared with 
t 


e stress shows that, in the measured stresses are 


surface, while Figs. 6(e), 6(f), 6(9) and 1 7(¢) are from embedded i instru- 


ments. This was rather to be. expected as there are a number of factors \which 
probably affect local strain measurements on the surface of freshly placed 


concrete. In view of the ‘measured in the steel in the test blocks, 
agr yreement in the theoretical and measured s stresses in the steel in the arch 
as not to be expected. ‘Until ‘more e information is available on stresses: in 


st teel caused by the setting phenomena of concrete, a fair comparison of com- 


pu uted stresses with measured initial stresses cannot be made. cs tds 
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To 
end passing over the pulley was fisteied a weight of about 150 Ib. - ‘This kept ee 
the wire 2 tight a and remarkably steady. ‘Variations in in | temperature of ‘the w wir 
no rise ‘and fall between the fixed end and the pu ulley. The w ire was 
located so that it Passed about in. from the e inside "face of. the stream 


arch rib at the crown. On the face of the arch rib was fastened an engineer’s 
scale graduated to 0.02 in. _ Vertical movement of the arch rib could easily be 


‘Tead between the wire and scale to the ne; nearest 0. 02 in. During the construc- 
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FOR THRUSTS, AND SHEAR 


FE _An effort was also made to measure rise and fall of the arch 


ye-level. a A steel bar was embedded in the: crown section, sitet shout 


vise and fall of the arch ribs at the 
rked vise ‘an 
ance 
the 
ably 
— 
ras broken number of Umes, breaksoccurred, 
ecks the wire was surements. No 
tre continuity of the rise and fall measu his period. 
breaks in the continuity month, which is considered the : 
— 
HEBEL — 
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in 


the Wye- level. of the curb of one of the approach spans 


smooth place on the concrete ‘was ground with a carborundum brick. 
U brass base of the level was set directly. on ‘this concrete so as to give aconstant 


height ‘instrument. A permanent foresight was set on one of the cable 


towers, on the opposite ‘side of the river. Readings taken with ‘the Wye-level, Fy) 
however, were not satisfactory. _ The cross-hair r covered too much | space on the 


aii 


scale, , and it was difficylt to set it on ‘the: permanent foresight with a ‘sufficient : 
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the concrete was placed. is not to 
of the 5 which Was 
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iii during the first fe 
‘th 
confused with any : 


did not begin: until about eighteen hours after the last section of the ribs had 


| been 1 completed. At the end of the third day there » was: a rise and fall in the ‘ 


“arch rib indicated by morning and afternoon readings. This variation due to Me 
for” the entire period of observation. The 

‘general fall i in t the arch rib continued until the seventh day. 
7 ats The daily x rise and fall of the arch rib are , shown graphically in in Fig. 11. . The Phas 


curve is the reading at 8 P . When the ity. nearly 


hich arch centers were struck and conerete in | the deck uns was poured. — 


one 
34 
angular 


ments was db by steel level: bar (Fig. 12), the 


ee of which rested ¢ on steel pins grouted into each abutment near the spring 
a line. The ; pins were set 20 in. apart and j projected from the abutment 2 i in. rz: 


In one of the pins there was a punch mark and i in the other a small horizontal sie: 

groove into which the legs of the level-bar rested. At one end of the bar there 

; is an adjustable leg, the movement of which can be measured by. means of an as 4 


Ames « dial 1 to the nearest 0.001 in. ‘This is a a very accurate method of measur- 
ing angular rotation. Measurements were made to determine changes in level 
between the pins set in each ‘abutment, at the same time other readings were = 


“taken each day. te So far as could be measured with this instrument there was 


& 


no appreciable rotation of either abutment. _ rea 


“y 


Y ald Rolled Steel Bar 


Rod, Hardened Drill Rod, Hardened A, 


The: lateral movement of the abutment ‘was measured from a steel 


- passing just behind the abutment. — _ At the up-stream end it was fastened to an a 

independent stone wall several feet from the a abutment. At the down- stream 
it passed over a pulley supported by a heavy log tripod, and to this end of 
the wire was fastened a weight of about 150 lb. This weight kept the wire 


"constantly tight and very steady. The wire about of 
to. the An penalty which was ‘just under the | wire, 


“yet 

easily ‘measured t 
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Temperature MEASUREMENTS te bate 


To deterstine variation air temperature during ‘the tests a maximum 
and 1 minimum thermometer was used. The readings were recorded each 


a and the thermometer was re- set. ‘Temperatures of telemeters and concrete 
"were measured by resistance coil thermometers. These were made up “sat 


calibrated in the U. Ss. Bureau of Standards and were fastened directly in 


— contact with the telemeters and steel, or were embedded i in the concrete, as ac 
case might be. Lead 1 wires from all resistance coils \ were carried to the hom 


bai? 


ment house and wired up to a numbered panel board. A complete set of tem- 


fated erature reading s could be made, showing temperatures at all arts of the arch 
Pp p 


temperature coil consisted of No. 40 copper wire wound on a 


--vuleanized fiber spool, which was set in a brass plug and covered with pe 


to make it water-proof, Lead wires were attached to he spool of wire and a 
piece of rubber tubing was fitted tightly over the lead wire and plug. “The 


Tesistance of the spool of No. 40 wire was 514 ohms ‘at 20° ‘cent., and | a change 
of 1° ° cent. in the temperature of the wire caused a change in resistance of | 


Temperatures in Degrees Centigrade 


coils were located about t the center of the arch ib 5 i in. from: 


section, ai at the center of -quarter- point, in. ‘from ‘the and 


extrados of ‘the haunch section and ‘the center ¢ of the haunch section, at 
center of Test Block A , and at each of the: telemeters. Curves showing» 


variation in temperature during the period of observation have been plotted 


and Fig. 13(f) is a more or less characteristic form. 


; S study of the curves shows a characteristic rise within a few hours after | 
the concrete was placed. After the initial rise the temperature "remained 
almost constant for a period of several. days and then gradually fell until it 
Le was Practically the same as the mean air temperature. 4 At the center of the | 


eonerete sections there i is. decided lag ehind maximum or minimum air 
temperatures, the variations in the ‘concrete being much less than those 


Ca comparison of the results of these measurements ith the temperature 4 

er arch bridges an in several large dams — 


- leads to the conclusion that there i is probably a a variation in the initial rise of 


‘temperature for ‘different brands of cement, due 1 to the e setting of the ¢ ‘cement, 
and, further, that the mass of the concrete largely y determines the time 1e during» 
_ which the temperatures in the concrete remain at a high level. a) The smaller 
the s section the less the rise of temperature : and the quicker the heat i is radiated. ; 
saa The arch rib developed sufficient strength during the first 3 or 4 days to” 
‘begin functioning—that is, rising and falling with a daily variation in tem- 
perature. At this: time the internal temperature of the concrete was still 
high this ‘temperature fell rapidly after the rib began functioning 
as an arch . From this it must t follow that temperature’ stresses ¢ are based upon 
trains caused by a fall in temperature only. “At no other period. of its life 
will the temperature inside the arch rib irédalt the high levels caused by the 


in cement. It thus us appears | that ; strains due to Fate taeeneae in an arch rib 
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] BEHAVIOR OF AN ARCH DURING CONSTRU: 


Id Ibe based entirely ona a ‘fall of temperature 1 rather ‘than the usual practica 


tial fall in ‘temperature, but it is hardly 


“that , this adjustment would entirely relieve strains caused by the large initia 
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tures in Degrees Centigrade 


DAILY MAXIMUM AND MINIMUM AIR 
TEMPERATURES AT BRIDGE DURING TESTS 
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pera 


Tem 


or Expansion J OINTS 


hy. Variation jin thickness of expansion joints uhadagh the deck slabs was 
measured between ound | steel pins set in the concrete on each side of 
expansion joints and projecting 3 in. above the surface. The distance between 
_ these pins was measured with a micrometer screw to the nearest 0.001 in 


Over ‘the curbs behind each ‘abutment a plumb-line was hung 80 that it would 
‘pass very ne r r to the steel wire back of ‘each abutment. | The plumb- line wa 

enclosed in wooden housing to prevent w wind from disturbing the readings. 


distance from plumb-lines to each of the: steel the abut- 


n width as found these is in Fig. 14. ‘The total 
change in length of the co conerete decks was thus measured betweer 


ated variation in distance between the plumb- lines the total movement of the EP 
ks can be deter nined. From this change in length between : morning and 


oon rea dings ‘and from the change in the coefficient of | 
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expansion | ‘of the decks has been coos ‘allt the values are given in Table 4. 


‘Expansion due to wetting and drying as well as changes in temperature prob- 

4.—Computep VaLuEs or 
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eather Coefficient: of expansion 
Weather. per degree 
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—The that the exch’ hiding falling 
_ with the varying atmospheric temperature between the third and * 
fourth day after the concrete work had been completed. ‘wagers 
Due to set of concrete while initial temperature is high, the allow- 
ance made for temperature stresses in the design of concrete 
arches should be based on a fall: of temperatu re no allow. 
ance should be made for rise in temperature. — Bai 
was no measurable movement of the 
4.—The observed stresses in the steel. and concrete were consistently 
oe observations indicate that in reinforced concrete there ar 


initial stresses develop ed in both steel 


conclusions: : 


to 12 variation in temperature of the concrete = 
ribs follows mean air temperatures; daily variations are 


es , research work Ae the Bridge Department of the State Highway ‘Board of i J 


i Georgia under the direction of the writer. r. Most of the field work and the — Bh 
preparation of the data done by Ralph J ones, Assistant Engineer 
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PAPERS AND DISCUSSIONS 
This Society is not for any statement ‘made o or “opinion expressed 
A STMENT OF TRAN SIT AND STADIA. TRAVERSES 


APPLEYE,* “Assoc. M. Am. Soc. G1 


= 


} paper presents the problem of adjusting ns ena stadia traverses 


. by correcting the lengths only” and sets forth | an extremely simple method of 


applying the theory of least squares ‘to the problem. The ‘method ugges sted 

simple that it should be readily understood and utilized by any one at 
ation. 


Tue PRoBLEM a 


and method of "traversing has come to be wed 


initial tation, oF when they are run betwe 
widely separated control points | established by ‘surveys of a higher order of 
accuracy, ‘some form of adjustment is necessary to eliminate from ‘the com- 


puted co- ordinates of the instrument ‘stations the effect of errors of of closure. 


Tn both compass- -and-chain and transit- and-tape s surveys the angle and dis- ee 


¥ tance measures are similar enough in degree of accuracy to permit the use 
ofa . method of adjustment which places corrections on both angles : and lengths. 


In traversing by the / method ‘of the transit and § stadia, however, the ang gle 


measures far surpass the measures in the matter of accuracy. For 
is this reason it seems desirable to adjust this type of traverse by a method which 


With the modern transit, reading to single minutes, or even less, the angle 


around traverse can easily be with such accuracy that 
the angle closure | will be very. small angular error can be eliminated 


OTE.—Written discussion on this paper will be closed in March, 1930, nee = 
® Assoc. _ Mathematician, ~~. of Geodesy, U. 8. Coast and Geodetic Survey, Washing- 
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of the traverse, and ‘corrections should to 
‘such angles. method leaves the error of closure, or “f “failure” in latitude he 


and “departure, to be adjusted by placing corrections on the lengths alone ond bis 


vill not change the angles or bearings measured or arrived at by this arbi ‘3 


on 


purpose of this paper is to set forth such a method of 


The trave erse which it i is is proposed to adjust is in Fig. 1 
es (1), (2), ‘and (3) of Table 1 will be found the observed data for the traverse, } 


wh, 


00! 


3 £104 


a 


earings given in Column (2). ‘The latitudes and departures | given in Columns 


mor nd (7) are computed in the usual manner, and the column totals repre- 
seat the failure of the survey to ‘close in latitude and departure. 
Since the traverse is to be by placing ‘the corrections on ‘the 


the correction ‘to Course 1 may be represented by the symbol, the 
correction to “Course by the and s so on the Whole 
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AND STAD 
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ar ted in a more or less 
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oe a has been filed for reference 
The complete mathematical proof vest. 20th st New 


1929. 


a1, a; 
a, will represent effect of the to ‘Course 1 on the 


of Course 1 Similarly, the ‘expression, V, sin a> will represent the 


effect on the departure of Course 1 of the correction to Course 1. 
for e each of the other courses. 


Will represent the total 
effect of the to all is on: the sum of the latitudes for all 
the courses. ‘Similarly, y, sin a, + V, sina, V,, sin Gn will 


“went the total effect of the ‘corrections to all the lengths on the sum of the 


By equating the e “failures” in latitude and departure to the expression 


. for the total effect of the corrections on the latitudes and departures, Tespec-_ 
ra: two ‘equations are formed which, if solved simultaneously, will give the 
corrections sought. f These | equations a are as s follows: 


= 
V,8 sin a 
10 which, Fy, and Fp represent t the failure of ‘the “survey | to aiid in 1 latitude mae 


s By applying the m kod of Legrangian ‘multipliers and making all n neces 
mathematical hy Equations | (1) and (2) 1 become, respectively : 


cos® a M, + 2 cosa sin a M,+ F 
cos as sin a M, = sin? a M, at 


> which, M, and M, are constants or ‘multipliers. ‘Let = > cos? a = A; a 


% While the | solution of this problem is a matter involving the Theory of | 


Least Squares, in this particular case it is possible to make the ‘solution of 
_ the two equations and the computation o of the needed corrections to eae 


ing 


observed lengths i in a purely r mechanical ma manner, as illustrated in Table 
mns e values of Fry Fp, A, 1 an 


pre- 1), (8), (9), and (10), corrections to ‘he 


py. 
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a toa their calculation is tabulated i in Columns qa, (12), , and (13) <a Table 1. 
is adopted corrections, to the nearest tenth of-a foot, are entered in Column 
(14). These are applied to the observed lengths to obtain the adjusted lengths 
in and adjusted latitudes and departures are 
as before, except ‘that the adjusted lengths are used instead of th 


5 multiplying the ¢ corrections to the lengths in in Column (14) by t the cosines” and 
sines, respectively. This will produce corrections which, when applied to the 
4 preliminary latitudes and departures, will ; give the adjusted values. satire) i 
a Special care must be taken throughout the entire -ealculation to see that 
they proper sign is used wt each tabular entry, and i in computing the 


the fixed course of the line between the ‘should be put 
into ' Table 1 as the closing side of the traverse. — This course, then, will not 
a be assigned a correction, and Columns (8) to (15), inclusive, will contain no 


Sa on the line for the fixed course, The latitude and aes 4 of the 


is sO simple fe that it no are 
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PAPERS AND DISCUSSIONS 


OCATION 


By Donatp M. M. Am. Soc. Or 


a ~The rapid growth of aerial transportation in the United States since about Lie 
1924, and, particularly, the wide interest shown since the spectacular trans- “Se 
‘ the, 


atlantic flight" of Ootonel” Lindbergh, have developed ‘the nee of landing 
airports: in many communities. It is the of this paper to 


outline, briefly, those things which should be ‘taken into” consideration when 
selecting a site to be used as an airport. The factors are discussed in detail — 


a and a a a method of of rating is suggested by which various sites ; under considera- 
may be compared, one with another. 
Matters pertaining | to layout or design of fields are not discussed, except 


as they may affect the general size. _ While the subject- matter herein presented © a 


primarily to “airports which will be cused by heavier- than- air land 
planes, much of it applies also to the selection of terminal facilities fo 


seaplanes. The development of lighter- -than- -air craft, or dirigibles, has not 


et progressed to the stage where it has become necessary to provide facilities 


a 


d in their operation from a commercial standpoint to warrant the 


onsideratjon herein of landing fields for this. type of aircraft. 


A ir transportation offers the human race a new means ee mass transpor 

tion, in addition to the railroad and the automobile. ~The civil . engineer 

‘has played an important part in developing -Tailroads, highways, and ter- 


— minals, and he has his his proper place to take in the field of air transportation. 


writer at the of the Planning Division, San Picco, 


a 


Cons. Bugr., Los Angeles, Calif. 


or them a large” ‘seale, and sufficient experience has not been 
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‘of proper terminal facilities. “Just as ships. must 


be provided with harbors or docking facilities, so baanee aircraft be provided 


An airport, however, must be considered ‘as th han a mere landing 

field for aircraft. It is a real terminal or harbor “equipped with all the 

necessary facilities and utilities for handling aircraft, for passengers and } 


cargo, for ‘Storage and Tepair of planes and engines, for ete. 

of any terminal a well 

The t users s of an airport may be roughly classified as: OT. 4 


—The Federal Government, for military and naval ete, 


> 


= of private, ‘pleasure, re, and end planes. 


—Operators of commercial and sightseeing 


present, aviation occupies the status of an “infant industry” operated 
units. As such it merits public subsidy. The acquisition and 
‘operation of airports by public agencies, such as cities” “and. “counties, are 
ustified on the same grounds as the public development of harbors and 


ee WwW ge nominal fees are charged for the use of £ space and facilities 


no 


— 
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is little owned airports will become self- 


t an 


question will naturally arise as. to whether one or more airports should be 


aequired i in any community. Various estimates have been concerning 


1 ship p Per, 100 


In the smaller communities all of activities 


be concentrated in one airport. However, in larger centers, if not now, 
re Si t least in the near future, ‘it will be essential to segregate the different i 
ae types” of use, selecting one large ‘site to serve as a major trafic terminal, 

testing: industrial ‘field, and, ‘possibly, a "passenger and cargo depot, 


with one ‘more additional sites for private, commercial, and ‘sightseeing 
planes, flying ‘schools, and similar uses. Where this ‘possibility exists, th 
ubject should be given considerable study by the local authorities, and a 


to serve the area. 


rt than to land transport. 
Travel by air is more closely akin to 
The right of way is not rigidly 
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od ot gromiesct oft ein bas baton jasexo 
. To the average layman or amateur any large open area, fairly level, 


‘ranging | in size from 100 to 14 000 acres, near the city, and available at a 


a Suitable site for an airport, On the contrary, | the selection i 


‘meteorology, finance, and should ‘only be attempted 


after adequate investigation and study by experts thoroughly familiar w th 


Inasmuch the he capital outlay for to for ‘an airport site is 


and as a such site will have much to do with 


‘wiosainal ‘development of aeronautics in the community, the small cost and 


“even short: delay incident to technical study and investigation prior to pur- 


Where “meteorological conditions vary greatly v within | a radius of 
) twenty miles from the center of the community, it is ‘desirable that et 


Lf study of s such conditions be , carried o on at all sites under investigation fora a 
considerable: period—if possible, a year. ‘This study should be directed toward 


ye data on wind direction and velocity, and variations of these, visi- ae 
bility, “occurrence of fog, rainfall, air turbulency, and related m: matters. — 

dime is short a study of these elements for a period extending over a) fev 
months will be of great value, particularly when the results can be correlated 
with, data the ‘US. Weather Bureau Stations in the vicinity. Other 


“factors, such” as present and future accessibility, transportation, trend of 


surrounding development, etc., do ‘not take as long to investigate, and | their 
- study, may be carried on while the meteorological observations are being m anise : 


} ‘Factors affecting ' the site group p themselves into ‘0 three classes, namely, those - 


with the general location, those dealing with ‘the site ‘itself, 
those dealing with the primary use to which the site is to be put. 


After it been determined as. to whether | one or a number of airports 


‘a 

- are to be acquired, and also as to the > respective use or uses which w ra 


of each location, the sites should be studied individually from the following 


—Location with Respect. to Community Served. 


(h)—Utilities at or near the Site. 
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e factors will be discussed in detail. The requirements s set up | rn 


any site, except where noted, an d are the maximum to be. desired. 


imeludes both that of the ‘site. and tha 


The surface of the field should flat, or of such a character that 
_ it can be made flat at nominal | cost. . Rolling or broken country is undesirable 
on n account of grading costs. The surface of the field should have general 


slope to facilitate , drainage, ranging: from a minimum ‘af 0. 5% to a ‘eeximum 


a eal Since most accidents 10 planes occur within the first few hundred feet 


after they leave the ground, open spaces to the windward of the airport are 


desirable for use as. emergency landing fields in case e of engine trouble or other 


‘difficulties occurring immediately after the take-off. 


land ‘marks should exist, as stream channels, highways, 

r 
to the: strange flier approaching the field the air, will 
assist the familiar pilot i in n locating it in ‘bad weather. bit wh 


site mu must be protected from overflow by, 
“flood Ww nei Prigesiyancevt of the landing field should be kept See from mud or or 

a oil lo of | light” 

texture unidortala wa an open Oy or other heavy that do not 


-yield ‘moisture readily may require surfacing or an expensive tile drainage: 


Leet - Where a field is used exten sively it will become dusty in dry weather if 
ie soil i is of a friable character. es: measures in n this respect are _ 


% 


sod are to be the anding areas, a fertile 


constitute serious hazards and are very expensive to remove, 
afi / Care m must be g given to the location of: future highways, as no traffic arteries | 


- should be : allowed to ‘cross the. site, , and if the airport | is | located in ‘the path 
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Bhi. such an artery, expensive location | around the site may become necessary. 
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will be shown. In addition, the follow- 
(a) The field must be approximately level, with a maximum slope at any | ae 
: Byte AN one point of less than 2.5% and an average slope—not in excess 
4 
s must exist from a t no 
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st 2.500 ft. 
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ong and crossing or converging at angles of 
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red. 
hat 
Certain ratings have been adopted by the Aeronautics Branch of the 
Department of Commerce, as to the site of landing fields§ 
o. _ For Rating 1 (Fig. 1), the field must have 2500 ft. of landing area in mee i 7 
feet all directions; or landing strips, 500 ft. wide, permitting landing in at least 
are §§ cight directions, the strips to be at lea in length and crossing 11s: q 
ther 
ays, 
the 
also 
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“ 1.—Dmensions or LANDING FIELDS FOR RATINGS BY THE 
ary. 
air- 
_ &f or landing strips, 500 ft. wide, permitting landing in at least eight directions, = ’ 
= the strips to be at least 2 000 ft. | 
not less than 40°; or two landing strips, 


tions, the strips crossing 0 or converging at angles 


Comparable details for Ratings 3 and 4 are also 


Ra ting 5 fields not having minimum of a No. 4 ra ating 


for size, but which * the en, considers safe for the use to which they 


‘Finally, fields not safe for operation of aircraft, but desiring a 


_ +The dimensions given must be increased where fields. are at altitudes in 


. bac a In addition to the area necessary for runways, space is required for shops 


hangars, and administration buildings, and if the airport is t to be used for 


these industries. Tt i is advisable to ocate shops, ‘hangars, and administra 


tion buildings the leeward of the field, | planes to leave for flying vy 

with as little ground travel as as possible. Such buildings should also be adjacent 
i if aviation is to become popular with the average citizen, he must Micome pass 

familiar: with it and with all its incidental features. By making provision for priv 
pa parking s ‘space and other recreational features many y people will be attracted bett 


and much will be done to encourage ‘ “air- mindedness”. 
an Where all the aeronautical activities 8 of a community “are to be concentrated 
ort, a site. ranging from. 500 to 1000 acres should be provided, 


depending on the size of the ‘community. Where several sites are to be 
a acquired, one of from 500 to 700 a acres may serve as a major air terminal and 


industrial field, with others of from 150 to 200 ac acres, or even less, used for 


‘different pr purposes. In smaller communities the : area of the ‘site will depend 


on | the expected future aerial activities in the community. “al 


A 


purchased after the is except at prices. 
nm eteorology.—In localities where little variation in meteorological con- 
a occur within a | radius of from ten to twenty miles, these conditions 
must be taken as found, even if ‘unfavorable; but where much local variation 


meteorology i is an important factor. bey 
Haze in the air caused by wind, storms, or smoke is very objec- 
“tionable, preventing pilots from locating ‘the field, contributing to loss of time 
in landing, and possibly causing accidents. ‘Sites to the leeward of manufactur-_ 


aS ing districts, particularly where coal i is used asa fuel, , or t those i in large. areas off 


a 


uncultivated or sandy soils, will have poor visibility. 


Fogs: are of = menace to aerial navigation. Ground fogs hinder safe 


for use by 
or transport planes which operate on a fixed time schedule, a 
es _ although they ‘may not be quite 80 ) objectionable to occasional fli fliers, sightseers, 8 
oe pleasure planes, which can choose their time of flight. 9 20 a 
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es which 
“are to quickly shifting Winlds ' require great care the run- 
ways clear. Strong winds may cause damage to parked outside of 
hangars a and necessitate increase in storage : facilities. “Bumpy” air, caused by 
"ross air currents which result from unevenness of surface topography or near. 
by hills, makes for difficulty in control of ships, and is extremely dangerous 


(d)—Locat tion with Respect te Served. —The should be 
lo cated so that flying over the residential section of the community can be kept 


a minimum. There i an increasing tendency in in cities” to prohibit 


tr traffic over residential : areas except: at very high elevations, or to restrict air 


tt avel over certain routes. These restrictions will impair the efficiency | of any Be 


eld within or near such residential areas, or limit thee line of expansion of 


studying the major directions of of future air traffic, the s 
nay be located ii in the line of the heaviest traffic, as time will be lost if planes 
re required to to fly entirely a across the city, land, and then transport their 
- passengers and cargo back to the business center. Smaller fields used for 
private: planes, sightseeing companies, ete., can be located adjacent to the 
better class residential area so as to afford access for passengers. 3 
(e)—T ransportation F acilities.—If possible, the airport, particularly 


used for a major air terminal, should be located adjacent to rapid transit lines 
nd major highways leading directly ‘to the community ‘served. It is improb- - 
e able that | sufficient passenger .or other traffic will develop, at least for years to 
, come, to warrant the extension of existing g rail lines 1 to connect with an airport. aol 
a The usual schedule maintained by a steam road is seldom adequate to serve the | a 
field, but rapid transit lines, either steam or electric, generally ‘maintain 
: ‘whetnle which i in 1 frequency of trains and running time will satisfy all require- a 
ments. With the future increase in air traffic and resulting decrease in 
carrying charges for passengers and cargo, cheap and fast transportation 
between the airport and ultimate destination will be demanded, and this only. 
“rapid. transit can furnish. If such cannot be made available, a regular moto 
transport line will ultimately have to be provided. 
While” freight facilities are desirable they are. not absolutely « 
‘povided the site is served by highways. Practically all the cargo carried will 
be of the express class. _ ‘Heavy material and supplies used in the construction ag 7 
~ operation of the port can be transported by motor truck. Motor bus lines 


; facilities, if available, are a feature of added value. 
ati (f)—Accessibilit y.—Aerial transportation \ will be dependent largely for its 


"success on th the element of time saving over rail | or motor transport. Presen: 
- schedules now w average about 100 miles per hour, and these will shortly be 
- increased by 25%, or more. ‘The time element must be considered, however, ; 


as being from point: of origin of trip, by ‘passenger © or Cargo, to > the point of 3 


ue to increasing 
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airport and points of origin and destination, and that consumed by air travel, 
In time, any site served solely by highway. transportationgs 
become farther and farther away from the business center, d 


iraflic congestion, American cities do 

4 site ‘served by. rapid transit, will always remain at a 

constant time ‘distance from the business center, and. with improvement in 


apid transit facilities m: may closer to it in point of time. 
Fors short distances between ultimate termini, the time saved by air over rail 
_ transport is small. The curves of Fig. 2 indicate that great saving in “time 
through use of air over rail transport o nly occurs: on long hauls, probably i in 
excess of 500 miles for passenger travel and 1000 miles for other cargo. 3 The 
added cost of air over rail transport will undoubtedly limit its extensive use to 


longer 


ASSUMPTIONS 


Average Speed of Plane-100 Miles per Hour ery 

Average Speed of Train - 33.33 Miles per Hour — 

Time for collection and distribution of Mail, 
Express, Etc. - 5 Hours 


Time Distance between Business District | 10 Minutes 


Fig. 2.— SAVING IN TIME ACCOMPLISHED THROUGH USE OF AIR TRANSPORT 


ge of Time by Rail 


Time saved by 
In Percenta 
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These curves also show ‘that undue weight is given to ‘the “necessity, of 


locating an vain which is to be used as a- major traffic terminal close to the 
business center. Land values in general decrease with an increase in distance 

the center the community. A careful study” must be made of the 
relationship betwe een the time saved through the selection of a close-in “site as 
re a against the increased cost of such location. d This point is of grant importance. 
+ a Due to the psychology 0 of the air traveler, however, it is ‘not advisable to 
locate an airport more than from 30 to 40 min. from the business center ‘if it 
& to be used as a major air terminal, unless land v: alues at this distance are 


prohibitive, in which case a small close-i -in | port may chosen a as a a depot with 


Sites met for private planes should be close “distance of 

the residential seeenenien, Otherwise, the extensive use of planes by private e 

t care to , spend | an hour 

(g)—Legislative Control —Police protection and “regulations should be 

lopment of the area ‘surrounding the | site 

must subject to such as will prevent the encroachment of residential 

Me areas or of obnoxious. industries which might impair the 1 usefulness of the field. 
or & is not essential that the airport be ayaa corporate limits of a city | 
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OF AIRPORTS 
ow: ptship and . of facilities of city boundaries, and that 
proper control may be had or secured over the policing, zoning, building : regula 
tions, ete. in the area surrounding the site, of of 


(h)— —Utilities. —Any : site considered should have e electric power, water, fuel, fs 


telephone, and telegraphic connections with ‘surrounding centers, and should be 


‘accessi sible to supplies of oA. and other necessities. Where the field 


is 


conditions foe workers may be an important 


: —To afford a proper basis: for comparison between different sites, 


and to evaluate their relative accessibility, there should be ‘included in . the ae 


eae of each site, in order to reduce such cost to a common denominator ies 

/2.—Grading, leveling, surfacing, draining, and tiling 
—Removing hazards and obstructions. 


‘bans transportation and traffic facilities to site. aff 
—Providing adequate fi 


1 
i the community to be served, ‘and do not come under dhe headings g 


Local politics, while they should be kept out « of consideration, nevertheless i. 


a factor in it. - All these latter ‘matters are grouped under the heading | of 


_ Tt will be well- nigh to find a location for a muni 


various sites di scus- 


iven ur 
decision, cand the following ‘method is s suggested as a 


dered separately from each of these ten 
each factor given a rating on the following basis: 


and 

Percentage. 


Excellent ........ to 100 


Every site be consi 


Little consi lera ion should be given as site w here factors of meteorology and 


accessibility fall below 


features fall cer 
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4 
mot the factors considered are of equal importance they should be 


a given different weights. | : The following are suggested as suitable of application | 


a ee where a a eet airport i: is to to be selected | and used for | a a major traffic terminal: ee 


Weight. 


—Location with respect to community served. . e 
pee 


a consideration eis the weight assigned that factor, and taking the total of the 


resulting figures, « af final rating for ¢ each site can be found. The weights given” 


‘if 


— 
— 
— 
— | 
— Bay 
— 
— 
— 


AMERICAN SOOIETY 


PAPERS AND DISCUSSIONS 


This Society is respousible for any statement made or opinion expresse 


Past with the I Future. 


J. Winey, M. Am. Soc. 0. 


‘High Dams: 1 The of the Geologist. 


By F. L. Ransome, Sic 2387 


> 


onstruction Methods head Plant Layout at Coolidge wii: n Arizona. 


te 


the 


oat has 


a a 

Po. eee * Presented at the Joint Meeting of the Irrigation and Construction Divisions, San  ~ 
.. October 4, (1928. Written discussion on the i la will be closed in Mai 


Lg 


"ENGINEERS 
‘i 
to 
— 
| 
. 


ies 


TLOOK FOR THE PUTURE 


Ms 
fF This is a | a brief account of past practice in 2 the design of of high dams, with 
a: comments that indicate that the higher dams of the future will be of a solid 


masonry gravity type, either arched or straight. _As between a straight: gravity 
as dam and a dam m of the same section arched i in plan, preference i is given to the 


latter, « or the 80- so-called “arched gravity y dam”, 


an arched gravity dam in which—because of the pr 


8 avity action—the arch stresses are low, a and ¢ a less- than- “gravity ‘section a arch — ; 
ire —— the arch action predominates, preference i is given the arched ¢ gravity 


a than a straight ht gravity da dam of the ‘same section are given in the paper. Fur- 
ah ams are ‘offered fo for 


Dams can can be divided into two classes, the earth embankment type elk - 
type. In the former the material i is 3 devoid of ‘strength a and prevents the 
2 — of water only by the sum of the resistances ‘of its individual particles. _ 
rength of the masonry forms an ‘impenetrable 
to the water. The strength of the earth embankment types” is not 
subject ‘to definite analysis: ‘mass is always: greatly in excess ¢ of ‘that. 
to resist the static pressure 0 of the water, and is determined 
°y previous experience as necessary to prevent percolation or seepage. 
a In the x masonry y types only @ a very small part of the mass is needed card water- yi 
Ri sant Ordinary earth i is probably less s ubject to the agencies. that cause. disinte- 
\ gration and decay than any other material of construction, and nd within it its 
ier limits, the earth- fill dam is probably the r most enduring of all types. The lim- 
| iting: condition of the earth dam and of its types—the hydraulic-fill and the 
rock- fill—is in difficulty it to water and i in “pre 


ience up to the present 
and rock ‘fills, although 


ar e e not likely. to be adopted dams of really great large 
as Masonry dams have no such limiting conditions and can be safely designed 


_ for any height likely to be needed in the future. On the other hand, masonry 
dams have one very x condition from: which earth dams are free 
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4 eer given the preference for structures of great height, but the application of 


* shite! principles to design only dates back to the development of the gravity 


The first high gravity dams were straight in plan and were buil 


masonry laid in hydraulic lime mortar. Prior to it was assumed that 


: uplift could not act on the base, and no allowance was made for it in the 


design of these dams; nor was any attempt made either to reduce or prevent it. 


. _ The design of high dams s since , about 1910 has been influenced by the prac- i 
tically complete replacement of of stone masonry by concrete, and by the rapid | 


extension of ‘the use of reinforced concrete. There has thus been ‘developed 


‘at about the Se time dQ) the arched gravity dam of comparatively long 


se radius; (2) v various types of arch dams of shorter radius and less-than-gravity i 
section ; (3) multiple- arch dams ; 5 (4) buttress type, or Ambursen dams; and 


Gravity dams have been either straight or arched. It would probably 


correct to state that the use of arched gravity dams has Dies largely oonneed > 


gives deep and | narrow y canyons W here high dams of. short radius can be used. 


he in gravity , due to the convergency ‘of radii, ie. 
‘more than offset by horizontal arch action. the earlier designs of arched 
‘ gravity dams the same practice of ignoring ‘uplift: was followed as had been 
the: custom in straight gravity dams. Many important dams of the arched 
gravity type—such as the Cheesman Dam, 235 ft, and the Roosevelt. Dam, 
980 high—were built on this theory. These two dams were not only. among 
he last high, arched, gravity dams to be built of stone masonry, but they were 


bout - the last in 5 ae attempt was made t to provide 4 for uplift in the de: i 


yt 
to remove it. K Svitk ad) ‘nO os ) ab. 
‘é. In nearly all the arched gravity dams built of concrete, uplift is reduced 


deep cut-off trenches at ‘the 1 up- -stream face, and by pressure svouting and 
“e drainage of the foundation. Uplift in in 1 the body of the dam is guarded a 
by vertical drains near up-stream of this type al 


stream bed; ‘the Don ‘Pedro. Dam, 278 ft. above the stream bed ; the iets 
we Dam, 825 ft. above the stream bed; the Lancha Plana Dam, 350 ft. high; and 
the Owyhee Dam, which will have a height of 325 . ‘above the stream bed, 


radii i is assumed to be offset by a arch action _ and the uplift reduced, “by pressure 


outi 1g and deinsar to. an amount which can be taken care of by arch action. a 
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7 that is, the necessity of hard and durable rock foundat particularly 
true of arched dams which require not only very hard foundations, but my. 4 
ie i‘ _ need even harder abutments, because the arch thrust may be greater than the _ 
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ig gravity dams, various 
types of less- than- eravity arch dams with shorter radii, “were built in 
le 


é In arched dams of constant. radius the section is a a reduced gravity type 


with the up-stream face vertical. The aim is to reduce the vertical tension and 
compression in ‘the -up-stream and down- stream faces to a ‘minimum on the 


‘assumption that tension in the one and excessive compression * the other 
will be be avoided as in the full gravity | section dam. ab zt 
ge In the variable radius designs the aim is to’ carry the greatest possible part 


of the load on the arch, although the tendency of this is to increase the vertical 
The radius with constant angle, 


to the minimum a constant central the of about 

a _ Examples of the fixed radius type are: The Shoshone Dam , 250 ft. above 4 


the stream bed and 330 ft. above the foundation, w ith a base of 142 ft.; the 
Salmon River Dam, 220 ft. high, with a base of 101 ft.; the Warmsprings Dam ‘ 


of the overflow type, 100 ft. high, with a base of 27 5" the Gibraltar Dam, — 
185 ft. high, with a base of 65 ft.; and the Melones Dam, of the overflow type, 
200 ft. high and 85 ft. thick at the base. | 
An example of the variable radius type is recently completed Gibson 


Many dams of the variable ‘radius oF constant angle type b have also been 
including the Kercho ff (overflow) Dam, 105 ft. high, with a base of 
«86 ft.; . the Salmon Creek Dam, 168 ft. high, with a base of 38 ft. ; the Cushman 
‘Dam, 280 ft. high, with a base of 52 ‘ft; and the Pacoima Dam, recently com- 
which is 375 ft. high, witha baseof 96 ft = 


a 


_ The principle of the multiple- arch dam is very old, but ‘the present type, 


iva 
inclined up- -stream face, has developed since about 1910. Examples” 
eke multiple-arch dams are the Gem Lake Dam, 112 ft. high; the Lake Hodges’ 
Dam, 136 ft. high; the Florence Lake Dam, 160 ft. high; the Palmdale Dam, 


75 ft. high; and the Tirso Dam, i in Italy, 239 ft. above the foundations. teu! eel | 
2 Multiple Dome Dam.—The multiple dome dam is a new type of which the 
only example is the Coolidge Dam on the Gila ‘River, in Arizona. It may 


iple-arch dam with great length of s span and | very massive 
“piers. _ By thickening these piers toward the base the arch radius is shortened — 
SE progressively from the top to the bottom of the dam. — The arches as well as the ' 


Fes are very massive so that the thin construction of the multiple- arch pe 


The Coolidge Dam is 2 250 ft. high and consists of three nd two 


prey the sides of the c canyon forming the buttress for the arches at each end > 
thedam at a aved Hig doidw ys few O 


Ambursen Type Ambursen dam, the arches connecting the 


a _ piers or buttresses of the multiple- arch type are replaced by reinforced concrete 


. flat slabs or beams. or dams of this type have been built since about 1905. : 
has bee 
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4 recently completed), and the 1e Rodriquer Dam, 140 3 ft. above the. tre 


Higher. Dams of the Puture— The highest damm is. 


Owyh 
lar foun lations and 520 ft. above ‘deepest point, of off. The San 
Gabriel Dam, 500 ft. high, is now under construction, The Boulder Canyon cha 


Dam, 7 00 ft. high above foundations, is now authorized for construction. ert 
_ ‘The § San Gabriel Dam is arched toal 400- ft. radius and is of a gravity 


with an increased section to | allow for convergence of the radii. The 


Owyhee Dam is of the arched gravity type with a 500-ft. radius and no increase — i 


® present the arched Gravity” type of masonry dam is slightly in the lead we 
Arch vs. Straight places where an arch of such a radius 
a will give any degree of arch action can be used, it should always be given the 
__ preference over a straight dam of the same section. - ‘The length of radius that ; 
give useful arch action is subject to wide differences of opinion. Iti is the 
a 8 view that, assuming the construction to be one in such a way as to 
give vertical joints practically free from leakage, an arch of any ‘required 
radius i is preferable toa straight dam. * This is based ¢ on the fact that if there 
no open joints extending entirely through it, ‘the slightest deflection of 


wh a dam as a gravity cantilever will cause an equal deflection in the horizontal _ 
arch and a division of the load in some proportion between the Rewiieieie and — 


, ae 4 there | are open joints extending through the t are water- 


tight at the down- stream face as assumed, then there i isa reduction of the water 


ie pressure on the up- -stfeam face » from the back pressure on the joints. | To the 
fe writer there seems to be a culpable waste in not utilizing | as much as ie 


tay 


- horizontal compressive strength of the concrete in the arch, along with its 


vertical compressive strength i in the cantilever. 


Arched Gravity Type- —As between an arched gravity dam and an arched 
considerably less than gravity” section and correspondingly shorter 


ae radius, preference i in the case of a very high dam ‘should always be given to <i 


ee the arched gravity type. In the case of the arched gravity dam there is a 


2 - massive ‘section capable of carrying the full load by its weight alone and, in 


% addition, , there is the resistance of the massive horizontal arch. For a Tess- 


 than- -gravity arch, regardless of the type, the load is carried primarily by 


fail the. vertical cantilever would theo fail. 


ih Stability of Arched Gravity Vomme: —Many of the highest dams i in the world 


construction, and others even higher , are proposed for the immedia ate e fut 
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hel been provided. _ Contraction cracks on radial planes” were 
formed, and a ‘small amount t of f seepage was in evidence at the down- stream 
essure to the crack through a drill hole 


the: great majority. of arched with whieh the writer is 
a fastiliar, there x never r has | been any indication of moisture at i the vertical 1 joints. a 


al 
‘radial planes, but which have’ never seeped the cracks, or elsewhere. . There 


are other arched gravity dams i in which there are occasional spots in a vertical 


joint where seepage and « even leakage appears, but. these are rare and cover an an 


insignificant fraction of the total number of joints. ane 


3 The use of metal seals in the | contraction joints near the up-stream face 


would not prevent the access of reservoir pressure to : any open seams in the dam 
from v which there is no leakage. It is the writer’s observation that every void | 


or seam ina masonry dam is filled with water under pressure. was shown 

by the water which seeped out of the body of the St. Francis Dam for weeks A 
after the failure. ‘This seepage was apparently from the body of the concrete 

and was not confined to joints or ‘seams. i 
y 


ea It is interesting in this, connection to note that dams in India, excellent] a. 


‘constructed of rubble masonry laid i in hydraulic lime mortar, are entirely free ] 
ids 
_ from cracks: although they | are > straight in plan, but that the w water ‘seems to 


a temporary condition, 


he arched [gravity dam of short —— is more stable than one of “longer 5 


radius. example, consider the extreme case in which the up-stream radius 


is equal to the thickness of the dam at a given elevation. . The horizontal section 


would be triangular, and if the water pressure is to be confined to the up-s -stream ‘a 
i face there will be no open joints and there will be arch action. i. there are a 
oe open joints, thus preventing arch act ion n n, the ‘pressure at the up-stream face 
-— would be reduced by the back pressure ¢ on the planes of the joints, the summa- 
q ar tion of which would equal the area at the u up- -stredm face, so that | at the section 
at which the radius is equal to the thickness, if there are open joints, there 7 


would be no unbalanced water pressure at all to be resisted by the dam. 


eee follows from. this that i in an arched gravity dam assumed as being fide 
from arch action by reason . of open joints, as the radius of curvature i is ya 
"ened, the stability i is ) increased by the reduction of the e effective water pressure. 
In the special case of a dam without’ vertical - joints, 3, and in which the tensile 


trength al the concrete is greater than the contraction ‘stress, there would be 


n face. This would | cause 


in the vertical cantilever, but it Apsprseae to > conclude tha at there would be 
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the common practice of providing « contraction at regular intervals. 


radii will show no » tention in the ‘up- p-stream face of an “arched gravity section ar 


designed as a straight gravity dam with ‘the lines of "pressure at the middle- _ .* 

third points. ‘g Such an analysis will ‘show that arch action is always present 


in an arched gravity dam, giving it a a greater degree of security than froma 


‘straight gravity dam of | the "same section. 
a oar U plift In and Under Dams. —Examination shows that the concrete in the 


‘St. Francis Dam was practically free from horizontal joints or seams. In a 
“very few cases: the concrete had been given a ‘smooth ‘surface on a horizontel 


‘joint and ‘apparently had been allowed to set before new w concrete v was put on a 
- top of it. In such cases there seemed to be no union at all between the new 


On the other hand, concrete applied to a hard rock surface seems to become 
an integral part of of the rock. The “mica schist bed-rock adhered to the bottom 
of « one of the overturned sections of the St. Francis Dam so firmly that the aa a 
| hard rock could be broken more ‘easily than its union with the concrete. “Drill ar 
cores from the bed-rock contact at many points of the Mulholland Dam showed | a 
a union of the concrete and the sandstone e foundation apparently as eo eld 


either the rock or the concrete. Tf, i in placing concrete, care is taken 0 avoid 


“eold joints” by 
placing the new concrete upon the set surfaces, it will ‘be piste to tho “ao 


horizontal joints both in the concrete and in its connection to a hard rock oS ee 4 


The of stress ‘due to uplift in the body of the appears 
from the consideration that the water can act only i in the 2 voids. The pressure oe 


in a . void in the concrete is in all. directions, and, considering only the vertical 

pressures in a single void, it might appear that a tensile stress in the concrete my 


‘would result; ; bu t considering that the upward and downward forces in each 


void are opposed and eancelled by equal downward and upward forces i in 


‘the voids immediately above and below, it is readily seen that the summation 


of the vertical forces in the voids is “zero, and that | no vertical stress in the Soa 


concrete can result from water pressure in the voids. has also been 
shown by the application of enormous pressures to a liquid without effect upon 


the concrete or other porous substance immersed in it. 


The: uplift conditions appear to be the same at the junetion with the 


rock as i in the body of the concrete, and it may be concluded that there is no : 
uplift i in the body of a homogeneous mass of « concrete, or in a rock that is 
from seams, or in a perfect contact between rock and concrete. =  ~ 


Tn the case of an open horizontal joint in the concrete or a horizontal seam 
in the rock, there is uplift for which allowance should be made in the designs 


of a straight dam, although in many, if not most, straight gravity dams, no 


re — 
éd the effective pressure area is made, arch action can be neglected and an analysis ac a 
which takes into c 
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bed: is seamy there are springs” in the fo 
possibility of uplift: should never be ignored i in a gravity type of dam, although 


ertainly less So Pes be m made i in an arched gravity than in a | straight 


Seepage all the high concrete dams built recently have 


tase of the dam downward into it. There is a discharge | 


ap _ from ‘the wells and drains and usually also from seams in the concrete. ~The | 


extent of this seepage varies with’ the character of the rock, and with the height 


iets and area of the water t face exposed to reservoir pressure. There i is less seepage 


a nee -_ fro ym the softer shale or sandstone rocks and more from the harder ‘granitic 
BX. ba or dioritic rocks. The seepage from long high dams i is much —s than from 


the and also of the height, the ra patio of seepage should 


vary with the three- halves power of the height. 


Seepage water from m dams usually « carries lime in solution as ealeium 
hydrate, which on exposure to air is converted into calcium carbonate. 
ie cium hydrate is always present i in concrete, where it is formed by release from 
sit the cement in the ‘reactions due t to the process of setting. " Seepage ‘through 


~ new concrete usually ceases after a 2 few months by the filling of its voids or by 
the sealing of its di discharge by the ok calcium carbonate at or near the 


_ If water seeping through a seam in the concrete continues to depeuis ediciun 
carbonate without ‘sealing the | ‘seam, there may | be deterioration of the con- 
te crete and enlargement of the seam. All seepage of water carrying calcium 


aa hydrate in the galleries of a dam seal be stopped by persistent caulking and 


‘ oe The value of metal stops in contraction joints is open to question. Arched 
hand dams without such stops have proved to be perfectly free from seepage at the 


nig vertical joints. It i is the writer’ ’s experience that there i is never any trouble in 


- preventing water from following the vertical construction or contraction joints 
onag in an arched dam._ Even the most casual treatment of the vertical faces of | 
‘ Se such joints by building one face against al alternate shallow ‘grooves | and ridges 


3 


iw - formed i in the other is adequate; but it is e extremely difficult to arerent seepage | 


set. It is necessary to provide the horizontal joints with ridges 


grooves in the concrete parallel to the axis, to clean the old surface thoroughly, | 


tions # there are occasionally. seepages and umsighily stains at horizontal joints. 


pe The utility and desirability of the vertical drains usually ly placed close to 


“the up-stream face of « concr rete dams | are questionable. | They are supposed to 


_ reduce the percolation of water in the concrete and thus diminish uplift, and 


i 
also to prevent the : appearance of moisture at the down- ‘stream face. Examine- 
of dams» in er ike cond vertical drains omitted, shows them 
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travel, and to avoid the use of a any - device which offers. a ‘hort ‘raved ‘for ‘the: 


| escape of water, either through the body of the concrete or through its Beams 


Mj The wi use of sand cement is sometimes recommended as reducing the cost an 


de creasing the permeability of concrete, but it should never be used it in a locality 
where frost action | is possible. In one important dam a moderately cold 
winter climate the use of sand cement has resulted in| serious disintegration Poe 


Pi 
of the concrete wherever it is exposed to moisture and to winter temperature, — 


although adjacent ‘parts of. the structure. made of Portland cement concrete 


are entirely unaffected. . The writer would always avoid the mn of sand cement — 


A very economy in concrete for massive construction an 


be made by the use of large- sized gravel or cobbles. ‘The cobbles are run 


through the mixer in measured proportions with the other aggregates. The te Fe : 
first use of cobbles i in concrete was at the Arrowrock Dam, where the maximum > ee 


diameter was 5 in, but they have been used in gradually increasing sizes up Wiig. ¥ 


in the proportion ‘of about 25% of the volume reduces without | 


reducing the strength or the i imperviousness of the concrete. 


ai It has been shown that seepage at the down- -stream face of contraction joints — 


is usually caused by water flowing through open cracks or joints near the top 


where the is so thin as be affected by temperature. this 
as well as for 


much thicker than stability | a thickness « of. 30 to 40 ft. 
vy ‘high dams is is not, too much. 


& 


Pressure | 


the writer's” opinion pressure 
ot would result pee in the filling ‘of the joints for a distance of ‘15 to 


20 ft. inside the faces of the dam, and this would not appreciably i increase the 


arch action in a massive arched gravity dam 


~ 


is 


2—An arched gravity type of masonry dam, whethe built of concrete or 
of rock laid i in mortar, has a tenga factor ¢ of safety: than a straight gravity dam : 
—The contraction joints of gravity dam do not prevent 


a 4. —If the contraction joints should | ne so as to prevent arch action, water 


entering the joints would reduce, by its back pressure, the effective: ate on 


the dam and com ensate for the loss of arch action. . me rd 
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—The stability of an arched g gravity dam is Sibel as the radius of 
6. —There i is no uplift in the body « ae a concrete dam except that caused by 


= hantenental joints, nor in emeliotians rock which is free from seams, nor in a 
ieee perfect connection between the dam and the bed- rock, except that ‘whisk, may 


- due toa different degree of porosity in the concrete and the roc 


; Te —Seepage through concrete may be detrimental and should be remedid 


 §—The use of sand cement in cold 
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‘build dams ever- r-inereasing height is 


‘indicdted. F 
onditions limiting height are ea and s sources of ‘danger are considered. 
‘The progress in the design and construction of high earth “during 


the Twentieth Century m may be illustrated by reference to : a ‘report made in 
1901 by an eminent Engineering Commission on changes in the New Croton ¢ 
Dam and the Je erome Park Reservoir of the New York Water Supply, which a 


ere then under construction. The “problem ‘the New Croton Dam 


pe 


concluded that, with the m aterial a higher ivi 
10 ft. would | not be safe. «dit recommended substituting solid masonry for 
arth i in the high part of the dam, : and that recommendation was approved by 4 
authorities although it resulted in great additional cost. 


‘This rt recommendation came as a surprise to engineers on the Pacific Coast, — 
were familiar with the Pilarcitos and San Andreas ‘Dams, near San 
Francisco, Calif., and the ‘Temesca and San Leandro Dams, near Os akland, 
— Oalif., all of which had been i in successful service for twenty-five years at that 


time. Their respective heights are 95, 125, 115, and 125 ft. above stream bed! i ' 
eonclusion reached by the Commission was based principally on the 
Pw that the water gradients i in the other earth dams of the New York Water be om _ 


x. 

Supply System - were found to intersect the down-stream | slope high above the 

toe. The late Alphonse Fteley, Past-President, Am. . Soc. O. E., then Chief 
Engineer of the Croton Aqueduct, questioned the correctness of the. conclu 


sion and i in the published discussions, ‘drainage: of the lower toe was ‘mentioned ie 

a means of | lowering the plane of saturation, “height shy 


A ExaMPLes | or Hich Dams 


With a more complete understanding of the effect of such drainage and % 
of selection or ‘segregation of materials, engineers did not hesitate to build 
of ‘ever- increasing height, so that the list of earth dams as high as 100 
= to 150 | ft. has become : a long one. The highest earth dam built to date is the 
; 4 Tieton Dam, in Washington, which i is 238 ft. above stream bed. . The Cobble e 


‘Mountain Dam, i in 1 Massachusetts, now under construction, will be 245 ft. high. 
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Aas The same evolution as to height is proceeding with all other types of dam. 
ea _ Among rock-fill dams may be mentioned the Morena Dam, in California (215, 4 
; ft. ), and especially the Dix River Dam, in in Kentucky (275 ft. high), completed, 
respectively, in 1909 1925, The Pacific Gas and Electric Company is 


rock-fill dam 300 ft. high 1 on the Mokelumne River i 


As to masonry dams 0 of the gravity type, , the straight Elephant Butte es 
a be in New Mexico, is 240 ft., and the curved Arrowrock Dam, in Idaho, is 251 ft. ~ 
ala above stream bed, with a height above the base of 308 and 349 ft., , respectively. | 
were completed in 1916 and held the record for some time, with the 
Kensico Dam, in ‘New York (307 ft.), as a a close third. These records 


have been broken by the Exchequer and Pardee Dams, in Ontifornia, respec- . 


a The in and the San Gabriel Dam, 

both under construction (the former of the arch gravity and the latter: of 
ee the gravity arched type) will be 405 and about 490 ft. above the base, respec- F 
tively. - These heights, i in turn, will be exceeded by the Boulder Canyon —_ 


in Arizona- Nevada, which may reach a height a above the base of 680 ft. 07 


oa Examples of the single ‘arch type of great height are the Shoshone “ll 
et in Wyoming, 320 ft. (1910), the Pacoima Dam, in California, 375, ft. (1928), 


tf The same tendency toward greater height is shown in the buttress type of 

dam which includes s the multiple- -arch, Ambursen, -Tround- -head buttress, and 


dome forms of dams. Lake (multiple-arch) Dam, in Arizona, is 


ES 256 ft. high. ~The Rodriquez (Ambursen) Dam, in Lower California, Mexico, 
me, will be 295 ft. high. The Don Martin (round- head buttress) Dam, in Northern 


= Mexico, a . type mmental by F. A. Noetzli, M. Am. Soc. | C. E, is 118 ft., 2 and 


the Coolidge (dome) Dam, in Arizona, i is 250 ft. high, 


aa and | the Diablo Dam, in Washington, n¢ now under construction, to. be 400 ft. 


ae _ Among high dams on other continents are ‘the Burring Juick (gravity) © 


in Australia, 244 ft.; the Montejaque (arch) Dam, in Spain, 270 ft. 


239 ft. above the base. yA 
Questions z arise as ‘to the tendency to build dams of ever- increasing 


height will reach some definite limit beyond which it i is not safe to go and 
what elements are _ to limit tl the heights of various types" of dam. 


om 

the most o yet on it must mainly, depend the. selection of type 
safety. Theoretically, it may be contended that a foundation is 

rarely 80 poor as to render the construction of some type of safe dam 1 upon 
— impossible. Assuming the re reservoir bed to have a sufficient degree of water- 
- tightness, defects of dam foundation can be overcome in general by a com- 
oo of type selection, deep penetration, and foundation treatment. - Lack 


of adoption a flexible type and, a a broad -spread- 
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“CLASSIFICATION AND SELECTION OF HIGH DAMS 


ing of load and lack of tightness may siniieia 
dase, enforcing sufficient, length of ‘underground water 


"Given a foundation free from such uncertain materials as quicksand and 


layers of marshy ‘soil, and assuming the presence of the u usual, kinds 3 of earth 


materials for construction—which, in themselves, or by segregation orn mixing, 
can be made to supply earth ¢ of reasonable tightness for the up- stream part 
and material with ‘free drainage qualities: for the down- stream part—it is 


of believed | that: no limit ¢ can be assigned to the safe height of earth dams, 
assuming the maximum height | of water ‘against them to be definitely con- 

trolled. Even in the ¢ case > of some clay foundations may 


? 


t 
Lateral foundation movement may be absent i in a low dam, ‘but may take 


place i in a high dam of the same proportions. Such movement took place in 
the Summer Lake Dam in 


é 
of ordinary earth-dam proportions founded on clay. It settled, cracked, 

forced the down-stream river bottom to rise about 8 ft. ‘This was -correcte 
rebuilding to a flatter down- -stream slope. recent instance of ‘settling 


‘occurred at ‘the Lafayette Dam, “near Oakland, Calif, which 


wet clay foundation, but do not that a great height 


. 


The Tock-fill dams, which usually have steeper slopes: than the earth dams, 


shaw 
and building material of greater compressive strength. 


ire material 


ig 


Any defect i in this respect cannot be full peep by the adoption of flatter 4 


slopes « and, therefore, it imposes a limit 0 on height - Greater height a also may 
induce i increase in volume of Seepage and, therefore, requires greater resistance 


to erosion along areas through which the seepage may proceed. The greater 


base” pressure of reservoir water also necessitates a a higher degree of water 


tightness of foundation material, the distance around the tight skin 

reservoir pressure to no shorter than in an 


ks “Thus, ii it is held that ag conditions impose a ett on the height of 


rock fill dams to a degree far greater. than is the case with ‘earth: dams. . On 
% held that with a hard and durable rock base 
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‘subject to water- softening, with similar available for 

building and with a base water: -tight, or capable of being made | so by deep 
grouting, no reason exists. for assigning a limit of height to this type of dam, 

short of that resulting f from hardness of the: building rock. 


pel The combined earth and rock-fill type is at special adaptation of the ion 4 ; 
dam. z ‘Tt may be superior to the common earth dam i in cases where the latter — 


material: of ‘unsatisfactory drainage quality in its. down- stream part, but 

requires a harder foundation to ‘support the loose rock portion unless: this 


' placed on a a prepared foundation. of the inverted filter type. qt may also have — 
advantages over the face-slab rock- fill type where broader contact for water- 


tightness. is required with the foundation or where rock settlement is antici- 
‘pated such might endanger the effectiveness of a concrete face slab. 


. a In past examples of this type, as, , for instance, , the Twin Falls Dam, i in Tdaho, 
‘it has happened that percolation water has carried earth into the loose 


interstices, causing craters to form i in the water slope accompanied by heavy 


loss of water. “However, ‘even in such cases, no serious danger to the dam 


has usually been involved, and it has been possible. to stop flow by dade 


a layer of crushed rock or and rock. It is believed 


t, with suitable foundation and | building materials, great height 


ah built in this type with fewer demands on tightness of foundation or. 


of rock than would be in the case of face- ‘slab’ dams. All 
Tock- fill types, however, as” well as e earth | da: be fully protected 


from overflow as is illustrated by of the first Lower Otay ‘Dam. 

‘a 


on: 


masonry” J , is herein understood to include both stone elles mry 


“and concrete. For economic reasons conerete has almost completely displaced 
other classes of masonry in this country. “The same tendency exists abroad 
Due to their rigidity ms masonry y dams make far greater demands on 1 founda- 


tion strength | than the relatively flexible earth and rock-fill dams. Tn “the 
latter, foundation loading changes gradually from the middle to the toes. 
; In the former, i 


In the gravity type of dam the load at the heel is almost solely governed by 

the height and the weight of the masonry, and that at the toe, in addition, 


by the down- ‘stream slope. The stren gth of the foundation is, therefore, 


“that dams of height ‘than of ‘the be safely built, y 


but merely that requirements of hardness of foundation increase approxi- 


mately in in proportion to ‘the height of the dam. the 


an The same is true of the required strength | of ‘the building material which : 
= in past construction I has probably never been stressed more than 600 or 700 
Db. per er sq. in. in. in compression. Concrete with a known: strength o of 000, 4 000 
5000 Ib. sq. in. in 28 days is now readily secured, 


of seems to be: no reason why concrete in the base of a dam could not we safely q 3 


t compressive stresses of 1 000 lb. per or even 
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— CLASSIFICATION Lal SELECTION OF HIGH DAM 


a dal eight), provide 
f aggregate is at hand and the proper mix is used. ii 


% 
2 of height, other as water tightness of 


concerned, demands can be use 


in the concrete and special | care in bonding. 4 Improvement of ‘the foundation ie 


is Teast under control and ‘the nature of the foundation is, therefore, the 


clement most likely to fix the e safe limit of height. 
‘The’ buttress type of dam | with its sloping face can be to 
tax the foundation to ‘a lesser extent than necessarily results from the gravity 
type, despite the apparent « concentration of load on the buttress bases. The 
resultant of dead and live load can | be made to fall close to the center of 
gravity of the bearing area of the buttress, the proportions of which can be As 
adjusted to local conditions, and maximum loads can be kept down, if desired, — 
| to little more than one-half that in pure gravity dams. The sliding factor can 7 


also be held down more readily than in gravity dams and the demands on a 


foundation tightness are no greater, while the danger from uplift, is ‘much 


-head, can be adjusted to the | stresses. Thus, the and tightness 


of foundation rock place : a . closer limit on the height of the gr gravity than of the hc ak 


Arch action may be called to: the aid of gravity dam n support under a wide — 
range of dimensions of dam sites. However, the single « arch dam with nearly, 
vertical axis vis I limited in its application t to sites which permit the use of 


relatively short radii. With a given radius the arch pressure can n be a 


below a desired limit , but ‘secondary | stresses are not so readily “controlled. 
This is especially true of tension and compression stresses at the base. The — 
introduction of steel where needed and of horizontal expansion joints at the 


up-stream toe forming a hinge, : as was done by t the e writer | in a dam ae 
completed for the water supply of Ashland, Ore., or the adoption of the dome 
‘principle, as s suggested and developed by C. R. ‘Olberg, M. Am. Soe. Cc. E, : and 


‘carried. out in the | Coolidge Dam, or a curved base support. as was proposed . 
years ago in the Ithaca Dam we 8. am may 


‘ gravity dam, because a slight yielding under load has a profound effect on nae 
arch stresses. With a proper foundation the height of such dam will be pa 
largely controlled by the radius or radii to which it must be built. 
Material ‘progress has been made in the design of arch dams, recently 
aided by the results obtained from the Stevenson Creek Test Dam and tests — 


with models, as sponsored by - Engineering Foundation * One valuable result 


has been the indication that deflections under various conditions of loading can 


be foretold with considerable accuracy by model tests. ‘Thi is will “not only 


permit closer determination of stresses, but will also increase in 


the correctness of design and in the of high arch 
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~ Dams b ocking the discharge from large drainage areas are subject to 


; potential danger and damage from flood overflow during ‘construction. by t 
bain are It is often | possible to complete a low earth | or rock-fill dam above the base, the 

R. or that ‘portion of a a higher dam left open. for safe flood | ‘passage, e, within a and 
A; season between floods. eh When ‘this cannot be done and sufficient by-pass capac- 192! 
cannot be feasibly provided, tisk from ‘overflow during construction the 

2 be taken, and this risk becomes greater with increasing height and volume of | it _ 
dams. ‘Tt this risk cannot be assumed, seasonal measures must be taken for = 

permitting sat safe overflow as, for instance, through a temporary flume over the 
down- -stream slope of ‘the d dam, as was provided i in the building ‘of tl the hy draulic- 
fill dam near Conconully, Wash., or by paving ‘the down stream | section with @ 
a as was done in the Nexaca Dam, in Mexico. 

ke igh The consideration of floods may impose a severe restriction on the height of | ed 
earth and rock-fill dams. The difficulty of estimating maximum floods is well: whe 
“understood as is. also the danger of. under- estimates which have been the cause 

of several major disasters in the past. Presumably with these considerations 
in view, Italy has, by governmental regulation, limited the of earth flex 
dams to 20 m. (66 ft.) and of rock-fill dams to 25 (82 

to. ii probable that some earth dams s standing i in the path of flood discharge anc 
aa a “4 from large drainage areas and now deemed safe because of assumed sufficiency ‘en 
‘spillway capacity, are in actual danger from flood overflow and, in places” 
where great height and | especially large. storage are involved, public interest 


Bashy the case dams “danger from overfiow inating 


on the preservation of rock integrity | below the toe than is the case with the 


tg 2 straight gravity dam. ‘Uncertainty as to 1 maximum flood flow may be in some 


ee cases a sufficient: argument for incurring additional expense, which may be 


ct 


BS ‘The danger of earthquake and earth movement is a serious factor in the 
rl a selection of ‘type and, in fact, in in deciding whether any type of high dam can 


be safely built, especially on the Pacific Coast. scrupulous search for a 
i possible fault crossing - the dam site and the geologic estimation of the occur-— 


rence of last movement along such— fault, therefore, have become common 
THE 


ey 
«CU 


las} 


Fioop DANGER dam 
NES 
ae 
4 
wh 
Ik 
would usually bat 
a 8 undermining of th long the a 
Pp fter a serious unde! serious along th aa 
the fou ‘may be set up. Ther ron protec 
— ened tani current may be set up f the dam unless special apron protec: 
— 
— 
— 
A; 
4 
— 
— 


= = > 


2333 


gravity 
and earth dams, as well as pure This w was well illustrated 


earth Andreas ‘Dam — 1906 earthquake in in “San Francisco 


‘the | -eonaiieed integrity: -of the entire structure, as. is the case with an 

it is probably more secure from earthquake damage. The earth dam is liable 
to be overtopped by a tidal wave and, on | the whole, the ‘gravity: dam must | 

be regarded as the safest, especially if curvature in plan § gives it additional — 
safety against sliding and if its cross-section has been determined on the basis" we 
of converging radii and of possible uplift. These considerations led to the 


selection of the arched g gravity type instead of the more economical arch for the a , 


‘East Park Dam in Northern California completed | after the San Francisco res 
- Tf a dam must be located across a fault line the gravity t type has distinct 
because even if sheared, its parts would probably otherwise 
in place and oppose their mass to a rapid release of stored water. The semi- 
“flexible -Ambursen dam with buttresses straddling» the fault may also” be 


regarded as safe, at least against minor earth movement along ‘the fault line, 


“and this type was selected i in preference to the multiple arch for the recently — as 
- completed 120-£t. ‘Stony Gorge Dam, in Northern California, which crosses Yo 


The ordinary earth is unsafe if it crosses a fault line along which 


movement may take place. was evidenced after the San Francisco earth- 


E quake in 1906 by the condition of the first or Upper Crystal Springs Dam, 
which | erosses the San Andreas fault. The body of the dam was found to b 
‘both laterally a nd longitudinally, and it would have bee 

; ae had not the water stood at the same height on both sides of the 

owing to the backing up of reservoir water by the Crystal 


= - 


FES. 


When concrete sets, its temperature is raised and it will expand until 


compressive strength develops and expansion meets with resistance. Further 


cooling will reduce compression 
until it is completely idutralived, after which further cooling tends to produce ee 
tensile stresses. Increase of load will tend to reduce these stresses, whereas” 
drying out. of the concrete will tend to increase them. The existence of ‘shrink. 
_ age cracks i in many concrete dams shows that the tensile stresses exceeded the | 
_tensile strength of the concrete. This is not ‘surprising when it is considered ve 


that : a heating of concrete to 30° Fahr. and more is not uncommon, and that a ty 


_ cooling of 15° i is likely to produce a tension of more than 150 Ib. per sq. in. 
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n the sides of large dam blocks having 

the: horizontal dimension air cooling and possibly drying 
; 2 induced tension. These cracks x ‘may penetrate only a short distance into 


ter the concrete and may tend to close, after the lapse of time, as the interior 


mass cools. ‘With further interior cooling the outer concrete that previously 
,m be placed, under compression, and 


In concrete ‘dams, the thickness or base length of buttresses’ increases 


heat generation due to cement content and relatively smaller 
surface. In gravity dams, the tendency to crack in a transverse direction has’ 


eyo usually been counteracted by the provision of contraction joints even if trans-— 


es verse shrinkage cracks approximately normal to the axis of the dam contain - Gi 


he F no element of danger. Cracks parallel to the axis of the dam, whether in the 
a en mass of a gravity dam, or in the buttresses of a buttress dam, may be of 


serious consequence, ‘especially as si such cracks are likely to be approximately 
af vertical and are thus often close to the direction of maximum shear. pres- 


the it is s generally feasible to introduce sufficient tem- 


a perature steel to prevent them, as was done, for instance, in the case of the H 


= 


Stony Gorge (Ambursen) Dam, in California, where, in the early stage eof 
4 construction, ‘such cracks become evident. In gravity dams, prevention 
shrinkage cracks by the use of steel would be. expensive. 


Dam near Los Angeles, Calif. 1929), 
joints parallel to the axis: of the dam and to the direction of the principal . 
stresses have been introduced. The same provision has been made in the 


of the Ben Gabriel (arched. gravity) “Dam now under ‘construction 


In addition, forming of ‘shrinkage cracks may be counteracted partly 


suitable construction pr progress program. Such a program ms may prohibit over- 
construction “may require each concrete layer” to ‘remain exposed. 3 


1 it may reduce the height of rise from 5 or ve ft, which has become | 


Bi. a to 4 ft., or even less. Under extreme conditions it may call for pre- 
cooling of the mixing g water and aggregates. It may also specify that each 


step of the work be brought up level or nearly level from end to end. In this a 
way expansion of fresh concrete, as it heats and acquires compressive strength, * 
meet with early resistance 4 from | adjoining concrete, and subsequent cooling 


™ 
first cause to be » neutralized before tension can develop. 


possibly dangerous" effect of uplift either at or below “the: ‘base of 
gravity dams or higher u ‘up int the concrete long known . It 


-distribute. loading» inv an injurious w 
tendency to slide. “pelt toy 
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CLASSIFICATION. AND SELECTION OF 
reduce 


the 


In ‘addition, allowance for r uplift i is generally in 
: but great differences of opinion exist, “not ‘merely : as to the pressure ‘gradient — 
te be assumed (in regard to which v aluable experimental data are being 


but especially as to” the proportionate area over which this 
pressure may be considered effective. Attempts at experimental determination He 
-undgrtaken recently at the Bull Run Dam have yielded negative results because _ 
water- creep through construction joints mass concrete seems to be due to 
unavoidable imperfections of actual work which cannot be duplicated in the 


* laboratory. Generous allowance for uplift in the design, strenuous efforts to 
obtain water- tightness and perfect bond, together with ample a and ° ‘effective _ 


provisions for drainage, are the only safeguards which have been. developed 


thus far ‘independent. of ‘measures to increase resistance to sliding, such as 
enlarged thickness and curving the dam in plan. 


design manifestly should aim at opposing the movement of water 


aim a 
up-stream part of the dam and facilitating it after this barrier 
has been once passed. From this point of view keys i in contraction ant - se 


tration of water which 1 may “exert uplift. It is therefore, 
avoid the usual horizontal joints and to require joints to curve upward in 3 


down- stream direction, so as to become normal to the dry slope as nearly as 


rdinary concrete deposition will permit. In this manner, the incidental 
will be 


Finally, attention must be called i in the case of 


secured. 


gravity, to ‘the possibility of tension in ‘the foundation rock near the 
heel. ‘This ‘matter was ably discussed* by Messrs. . Ottley and Brightmore in 


~The subject v was treated by them both theoretically and 

The tension under a full head of 30 3 in. in the model was calculated and for 0 am 
ape ry proportions was found to be about 1.2 lb. per sq. in. wa a 


shape of ordinary 
for a height of 4 400 ft. would be equivalent to about 200 Ib. per sq. ‘in. 


direction of maximum ‘tension was also calculated and the existence of such me 
d its. computed direction w were confirmed by cracks in the plasticine r. 


tension an 
lies in the fact that it increases 


The serious feature of such te tension 
; that the . direction of possible -eracks” or the widening it 


res is such as to extend from the heel downward under — 
of existing rock fissures su a rom the heel downwar 


ae the dam; and that the opening thus formed. may cross: the assumed vertical 


of foundation tightness, whether natural or procured by grouting. 
tion may be established between open ae. 


such. opening direct comm munication 
thereby be ‘overtaxed, 


and the foundation drainage system which | may 


the s possible re result of increased la and erosive ‘seep 
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ae heavy responsibility peste on the shoulders of engineers engaged i in the 


design and construction of dams of ever-increasing height. Information | 
which may assist in 1 avoiding ¢ danger i is being accumulated in many directions. . 
= is hoped that discussion may contribute to the. general knowledge and may 
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By F. L. Ransour," 


“necessary to ¢ call “upon geologist to. examine a site for a high dam. It could 


safely be assumed by the engineers that the rock exposed at the site 
_ unchanged i in horizontal and downward directions, and that t consequently noel 


_ appropriate tests for strength, imperviousness, and other properties, “applied 
to site, would determine whether a dam could safely be 


constructed at that locality. At first thought, the necessity for considering 


the effect of earthquakes might be regarded as an exception to the foregoing 


"general statement, but serious earthquakes a consequence movement 
_ slong faults, and faults are obviously departures from homogeneity. Asie 


distance, The nearest “approach to the ideal is probably to be 
in . large intrusive masses of rock that have solidified from a molten condition, aie: 
at great depth, and have been exposed at the surface only after long erosion. ae 4g 
_ These are the plutonic rocks, which are of interest to the geologist, and of jot a 
~ which granite is ‘the most familiar example. Even in granite, however, it is beat 
; necessary to reckon with the possible « existence of faults; with various types of | a 
ke fractures ; with zones of crushing or shearing; with included masses of ‘other 
roth; ‘such as. schist; with later dikes of different kinds; and with contacts ae 


¥ 
‘In layered rocks of many sorts, the lack of homogeneity is more obvious. 
A compact lava flow, of basalt for example, may be s spongy or vesicular in its — os 
upper and lower parts, or may rest on a layer of conglomerate | or of loose — ii 


li, A bed o of hard sandstone may be succeeded by a bed of soft, 


layer of shale. An bed of quartzite may be by a 

slate from a belt of mica schist, etc., in almost infinite variety. These » rela- — 

tions, m moreover, may be further r complicated by igneous intrusions 

is in the recognition and of such departures - from homo- 
eneity that the chief usefulness | of the geologists in relation to dam sites lies, 

actual site ‘and yet may. eonativete vital factors in its proper selection. 

‘recognize them and to grasp their significance in relation to ‘a proposed dam 


3 likely to require a knowledge of the region such a as can be soquired rise! v3 
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| Clearly, the fundamental requisites in the rocks at a site for a high 
are: (1) That the rocks be strong enough to withstand the stresses transmitted &§ 
ia Inst. of Technology, Pasadena, Calif. 


“neither change i in volume, or soften, nor dissolve, under the action of water; 3 


and (4) that they be not subject to such movement as would damage or destroy 7 


the structure. It is proposed, in what follows, to consider the relation of 


arious rocks and geological structures to these : fandamental requisites. — alk 


ae vd A geological investigation in connection with a proposed dam site deitaddaity 
“comprises two par rts—that of the r reservoir as a whole and that of the aétial 
 % . = ailure of a reservoir, , where the dam remains intact, is rarely catastrophic. 


he ‘may, however, 1 mean the loss of valuable water, or such large leakage that 

the reservoir b becomes wholly useless. Hardness: or strength are e seldom i impor- 

4 ant considerations in the rocks of the reservoir as sa whole. Even porous 
. rocks, provided that the open spaces are not connected so as to form’ continuous 
i channels, need cause no concern. Freely permeable rocks and soluble rocks, 
“a however, require particular attention and must be considered in relation to 


the geological ‘structure of the region. Examples of freely permeable rocks 


are beds of gravel or poorly cemented conglomerate and some volcanic tuffs or 
breccias. Basaltic lava flows may be so frothy or « cavernous, particularly near 
the te top and bottom of each flow, as to permit the passage of large volumes. of 
water. Ordinary compact limestone, although its solubility under normal 


conditions and for : such periods as as need be considered i in engineering practice 


the occurrence such great caverns as those near Carlsbad, ‘Mex, 
‘the: familiar underground streams of some | limestone regions. éa ‘Consequently, 
am in places where a | proposed reservoir is to be partly or wholly on limestone, ‘it 
becomes 1x necessary to determine, if. possible, whether there are any existing 
<a a caverns or subterranean chambers through which the water might escape. _ a 
herever freely permeable rocks occur in a 1 reservoir: site a knowledge 
structure becomes highly important. Clearly, for example, : at per- 
Wan -meable bed Ww hich outcrops in the reservoir and, by maintaining a regular dip, 
tion, would conduct water aw ay y from the proposed ‘reservoir, whereas, if 
permeable | bed is dislocated by a fault, or folded so that there is no hydraulic | ' 
gradient to any lower outcrop, it might not permit any serious leakage. cs 


a Where permeable 1 rocks are present, the position and slopes of the under- 


ground water surface, or -water- table, should be ascertained. In most drainage 
ee the water- table practically coincides. with the topographic surface near 
— the streams and rises toward the ridge crests, although at a more gradual slope - 

than the surface of the ground. Such a condition indicates that the under- 

- ground water of tl the basin i is moving § slowly toward the streams that drain the 

mtly, that proposed reservoir will be more likely 
then to lose water by underground flow. On other hand, if 
ns water- table in some part of the basin is found to be lower than at the adjacent e 


this indicates that some water is from the basin through 


— 
— 
— 
— 
— 
— 
— 
— 
ra 
— 
— 
— 
— 
— 
— ea 
q 
— 
| a 
ts 


underground channels ‘that ‘more escape we 


x the basin converted into a reservoir. Obviously, i in a reservoir ‘formed merely ly 


for flood control, ‘such loss. would d be immaterial and | might even be advan 


Among the rocks most likely to require attention in reservoir 
} projects are ‘gypsum and rock salt. The McMillan Reservoir, near Carlsbad, 
partly a failure because water escapes: in large quantity through 


channel ‘gypsum, the water enlarged rapidly by 

solution, whereas, , at Willow Lake, no such passage exists and » although gypsum’ : 

is going into solution everywhere around its shore, general solution has 
not led to any leakage. 2 Rock ‘salt is, of course, even less trustworthy than 


“egpeum as a water barrier. $ Thick beds of salt occur in the ‘proposed Boulder _ 
% Canyon Reservoir, along the ‘Virgin River, Nevada, but their position is such 
that they cannot cause leakage. 

whether these ‘salt beds would the water. thas reservoir too 
saline ts use, is a reasonable one, and indicates a possibility that should not : 
be overlooked. | . In this particular case the effect of solution would be to blanket 


the salt with silt from overlying beds and the quantity of salt dissolved would 


be negligible in so 30 large a body of changing water. 


Sicniricance or Topocrapuy at A Dam Sime 


fe As the purpose of | most high dams i is to impound as much water as is prac- 


ticable behind a structure of 1 minimum size and cost, the site ‘is ‘usually 


vr 


= narrow canyon above which the stream flows’ through a valley or basin. ~The 
+ existence of a steep- -walled, 1 narrow cany on generally indicates that the rock © 


a at ‘the canyon is harder than that in the up- -stream valley. | This indication, | 
and the fact that canyons are geologically youthful determine ‘the 
tavobable condition that the rocks in canyon walls are as a rule well expcsed 


ia 


> and relatively fresh, | particularly near and under. the stream. It is often com- 
; - paratively easy, therefore, to ascertain the character and structure of the rocks | 


in ‘the | canyon and to recognize transverse faults, » if they 2 are present. These 
faults are the generally favorable features of a canyon location. ea Trromserd 
a. 2 Tt is advisable, however, to determine why a stream forsakes an ie 
easier course (as is frequently the ease) and turns aside to cut a canyon» ee 
hard rock. it is particularly important to ascertain whether this 
_ apparent preference is due to a fault or other particular line of weakness along 5 
canyon and ‘concealed by the sand, gravel, and boulders of the resen 
stream bed. ‘This may be a complex geological problem requiring an un 


standing of he development of the topography of the  Tegion. ~The river may 
have had its course determined by rocks and structures that have been « com- 

piletely removed by « erosion and, having once cut into the formerly buried 


harder rock, has been forced to remain within it. In this case, there would be be 


Ci wee 
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hand, Willow Lake, another reservoir about 20 miles south of Carlsbad, 
val enclosed by gypsum, but has shown no leakage since the dam was built, abou &§ 
1922. The difference is probably to be explained by the supposition that, in 
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F , no reason to exp ect the existence of a line of weakness under the eee be 


= the ot other hand, some smaller stream, with _ more direct path to the sea and 4 
ne gradient than the main - river, may have captured the larger stream by _ 
head: -water ‘erosion. so, there may ‘be | a belt of weak r rock under the 
Tule, the courses of faults are more ‘nearly rectilinear a 
. Consequently, the presence or absence of a fat ult 
ng the bottom of a canyon can usually be determined d by an examination 


of spurs and ridges that extend : across ‘the prolongation of : a line drawn fol 
for 


sa the part of the c canyon at the dam site. For example, at the site of the Owyhee 
Dam in Eastern Oregon, the drill records suggested. the presence of a 


in ue: with ew gorge, and the suggestion v was made that a trench be dug across. q 
= this ravine with a view to exposing the fault | zone. ie The fault was found, as ; 


2 
ee expected, and p provisions s to deal with it were embodied in ‘the design of the dam. a 
HE Evement or Initiau STRENGTH IN THE Roos at THE Dam Sime 


It: may fairly b be ‘assumed that ‘the at a dai ‘site should bie at lens 
‘strong as the material of which the dam to be built. Ordinarily, 
"means at least as as good concrete. The of 


granite which shows a erushing of 5 000 lb. per in. and yet the 
presence of zones of or make the site unsafe for 


In stratified rocks, the of the beds taken into consideration 


tions” perpendicular to the bedding an up- -stream dip of 

the: beds. would to be more e favorable to dam construction than a down- 
‘stream dip. with beds of different degrees of permeability, conditions 


exist that would make a down-stream dip preferable. In beds that are q 


nearly horizontal, or in steeply inclined beds, striking approximately parallel 
bre) with the stream, the. possibility of the slipping of one bed past a another%can | 


lant consideration ap plies particularly to shales and to slates and 


‘abutment but the southeastern was: of little better aval. “The 


more adherence between ‘the schist laminations: them 
34 between the sheets of a pile of paper. oles 4 
sal oints in rocks have a bearing: on the strength of the mass, but they a are 

important with to permeability and will be more a 


going further into detail, it is sufficient to emphasize the 


that, a initial of, the. rocks, at a dam site, i, appears to 


Ww 
i 
var 
It is for the geologist, however, to point out the bearing of geological structure A 
£ 
wa 
ee 8 8=—s_ nearly parallel with the slope of the canyon wall. The concrete was poured q 
wae 
re 


3 be the ae function of the geologist to call the attention of the engineers 

to the effect of structural features which may not be obvious to them, but | 

a which ean be recognized by those who have had special anion in geological a 


on 


observ: 


THE OF IN THE Rooks or A Dam Sir 


considering the behavior of rocks with ‘respect leakage around a dam, 
it is necessary to ‘distinguish between porous and permeable rocks. Certain 


voleanic rocks, such as vesicular basalt, or more or less pumiceous thyolite 
be eminently porous, but yet, of the lack of connection between 


where possible. Nevertheless, there is a wide range permissible : 
controllable: leakage and conditions under which the escaping water is 


serious Toss or endangers: the entire ‘structure, The slow 


through a ‘porous but insoluble rock, such as ‘a spongy lava, m may dio no 


important loss from the reservoir; it is more likely to decrease than to increase, 


% 4g and can do no harm. On the other hand, even a small leakage through rocks ae 
that ate partly soluble may enlarge the original openings, or, by removing a 


cementing constituents, so weaken the of the dam as to 


‘When a dam is built on stratified : rocks it is sities to know the strati- a 4 


“graphic section in detail and to consider each different kind | of rock with 
reference to possible leakage and the effect of such leakage. 
7 Fractures” in the rocks m may be classed as faults and joints. A fault is : 
fracture of considerable horizontal and vertical persistency, along which rn 


rock | on one side has moved past the rock | on the other. The displacemen 
_ may be a few inches or several miles. — A characteristic feature of a fault is a 
seam of clay-like material, known as gouge, which has been produced byte 
7 grinding together of the rock walls during the movement on the fault. The iF 


seam of gouge may range from a fraction of an inch - to 8 ft., or more, in ate 


ee thickness. be It is ordinarily accompanied on one side, or on both sides, by a 


:: zone of shattered or crushed rock. The gouge is usually imperv ious, but the 
shattered rock i is likely to be » freely permeable. Consequently, faults, where 


eS present, ‘must be considered a as s probable paths of leakage. A fault, it is impor- 


tant to note, cannot be ‘removed by | excavation. — If nearly vertical, it may be 
= to continue far below the bottom of the dam and, if nearly horizontal, 


far beyond the dam, in ali directions. 
Pee a . oints are relatively short. fractures | along which there has been no no -appre- a 
ciable movement of one of the crack ‘Past the other. Consequently, they 


contain no gouge. They a are “present: in most rocks, and, when long exposed 


the weather, as in canyon walls, they may become superficially accentuated 
2 and give such an alarming appearance of general fragility to the rock mass — a 
Dy * 


as has led some engineers and geologists to an ndemriation on of 


5 _ The fine- grained granitic rocks of Boulder Canyon, 


cted in many places: by innumerable joints. ‘Yet ‘short tu nels 
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into some of the own that w ithin’ 10 to 
20 ft. from the surface the joints become > scarcely visible | and 1 the blocks into i 


which» the granite is divided are so irregular in form and so » tightly fitted 


‘together 1 that no important leakage | could take place. As granite is practically 
insoluble and unaffected water, no material could be removed, and, in a 


3 1 sense, the presence of the joints is ‘negligible. ne “Moreover, joints in 
hard, insoluble rock, if they a are open “enough to cause ‘serious 


Tue Errects OF my THE Rooxs a AT A Dam 


Solubility is, of course, a relative term. Probably no rock is completely J 
insoluble under all conditions found in Nature. wees" . The solution of - rocks like . 

_ granite, quartzite, and basalt, _ however, is so slow or so slight as to be prac- 
negligible. On the other hand, x rock- salt and gypsum are dissolved 
rapidly i in flowing water as to make them utterly unfit for the foundation of a_ 
dam. Limestone and marble occupy an intermediate position between 


a 
these two groups. _ That limestone is geologically soluble, especially i in water 


containing carbon already been 1 pointed o out. Yet, with proper 


ae The fact that calcite or calcium carbonate is the most common cementing 
om material in ordinary sandstones and | conglomerates | lends particular importance 
; to the question of the solubility of this substance. — Many such sandstones _ 
and conglomerates a are fairly resistant to weathering and stand out from ‘the 
_ surface in bold | outcrops. _ Nevertheless, the questions may be asked—Are such 
ae rocks, with a calcareous cement, suitable for the foundation of a high, dam? 
= Will water, seeping through the rock under pressure, dissolve enough of the 
calcium carbonate t to weaken the ‘Tock seriously or to destroy its coherence 
eG Quantitative data to answer these questions are apparently lacking, and this 
_ deficiency offers an opportunity for some experimental engineering research } 
on the subject. In 1 the meantime, the opinion may be offered that with good 


~ eontact between the concrete of a high dam and a reasonably hard and well- 
yee _ cemented sandstone or conglomerate, there need be no apprehension that enough 


of the calcite binding material w will be removed to weaken the rock appreciably, 
especially as reservoir waters, | asa rule, do not contain much carbon dioxide 
in solution. In the presence of carbon dioxide, calcium: carbonate goes 


ae as calcium bi- carbonate, but i is dewiosited:. again a as carbonate when the 
dioxide or is driven off as ‘in the familiar example of the 


into solution at one im rock. may be deposited i 


another place, close by. In this. respect it differs from gypsum, which is carried 


away in a more persistent : state of solution. 
“9 


The Action of W ater on Concrete Dams. apparently i is not uncommon 
to find that water, passing through the « concrete, deposits i in inspection galleries 4 
or on the under side of ' the concrete slabs of dams of the Ambursen type, an a 


incrustation that consists chiefly of calcium carbonate, ‘The question has been 
mee ali Does this calcium carbonate. represent merely free and unessential 
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lime, leached from ‘the concrete, ¢ or does i i indicate a op of some constituents 
to which the cement owes its binding p power, and, consequently, a detetioration. 
in the strength of the concrete { As far as the writer has yet been able to learn S 


there has been no thorough investigation of this important question. a There 
— to be | an opportunity, therefore, for co-operative research on the subject 


> 


action ‘of water, on clastic | rocks—that is, of held 
- together by s some natural cementing material. With findings based ¢ on such + 
an investigation a standard method « of testing such rocks be devised, with 
ie view to predicting ‘their behavior under the action of water a 


Pee 


«ie some localities gypsum occurs as a cementing material i in sandston 


there i is any possibility of the presence of the mineral i in this réle 2 at 8 a proposed re 
_ dam site, the rock should be carefully tested. A gypsiferous sandstone can not “ 
be regarded as asa safe for a dam. net 


OR oF Rooks In fis pita 


ome clastio rocks, those héld together by films | of clay, may 


“fatily hard ‘when a dry, | but become soft and plastic when wet. This change is ae: 


"sometimes: so pronounced as to be rather “startling, even ‘to an experienced 


geologist. quantity of. clay requisite ‘to produce this effect i is not neces: 
‘sarily large. It may be a 


Probably. the most tragic 4 impressive ‘jllustration of the importance of 


¥ recognizing this property when present in the rocks of a dam | site was furnished 
_ by the failure of the St. Francis Dam, in 1928. do The northwest abutment 1 was ee 


conglomerate, belonging probably to. the ‘Sespe formation, o 


poorly schist, granite, and sandstone detritus, Which ranges 
clayey ‘silt to pebbles 8 in, or more, in length. The bedding is ‘generally 

"rather indistinct and much of the formation is covered with soil. 

When’ dry the conglomerate is fairly ‘firm, although ‘it is by no 


"strong: rock. A test gave a crushing strength of 500 Ib. per sq. in., whereas 
the e concrete of ‘the dam has a strength of 2 000 Ib. “per sq. in, ¥ When wet, 


however, the rock shows a remarkable change. piece | of the ‘conglomerate, 
when placed in a beaker of water, begins to flake and crumble and soon slumps ch 


“to the bottom of the vessel § asa loose gritty - sediment that can be stirred about: 

_ with the finger. Evidently, the particles of the ‘conglomerate a are held together 

_ merely by the films of clay and when the mass | is wet all cohesion is lost. ir E* 

the fractured and faulted pebbles fall apart into small fragments. prs nbs 
TE The « conglomerate i is also traversed by - many small veinlets of gypsum » and it 

# probable that this mineral constitutes a part of the cement that holds the rock — 

oy when dry. The solubility of gypsum is well known, and the presence — 


_ mineral probably contr ibutes to the rapid disintegration of the mass 
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we t, although the change is not often 80 aac in the 
described. Fo or r example, s specimens of ‘the soft, massive sandstone 


«Tt is the part of pradence to subject any clastic rock to an immersion test 


re. before accepting it as a safe foundation for a dam. - © Care should be taken, how- — 
alee to obtain a fair sample s and to avoid : any ‘previous loosening of of the material — 
shock, such as might easily result from blasting. it ohare 


fault gouges, although soft and plastic when wet, are fairly hard when 


dry. It is necessary to keep this p point in mind when conclusions as to the pos- H 
{ 


sibility of recent movement along a fault are based on the character of the 


> possibil lity of a change volume in the rocks at a dam site rarely 

; requires practical consideration. ‘Clays, a as is well known, shrink or swell with } 
_ Variations in the water content: and anhydrous ¢ calcium sulfate or anhydrite if 

increases in volume when it takes up water to. form ‘gypsum. These’ materials, 

~ however, are to be avoided in a site for a high ‘concrete dam, on other grounds 


a Ser ntine results from a slow shamans involving from basic 
mf 


Jed 
shearing « and smooth curved surfaces of general of 

ah rock for the foundation of a high dam is due rather to the consequences ~ 
an alteration that taken place than to, the Possibility that 


A fault, once initiated, is likely to ecatinne to be a of 


ind 


also took place in some faults : in the Grand Canyon region of Arizona.* aol 4 
some faults, as may be observed in Boulder and ‘Black Canyons, on the 


SS the gc gouge has become lithified and is now a fairly hard rock. @q > 7 
appears safe to conclude that movement on such faults has not taken place for ) 
ee or thousands of years. — Confirmation of this conclusion, as regards — 
the faults in Black found in the fact at one place the 
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rock, accompanied by pot- “holes | and river boulders. These channels could 


have been worn only at a time prior to the cutting of the present gorge. As « one 
of the channels: passes smoothly over one of the faults, it is clear that the fault — cpr 


not moved since the river to cuttits present gorge. 


| 4 ability of renewed movement in 
| records and of the topography | may give some ao as to the recency of move- 


‘ments in the ‘past and may supply some basis for a prediction as to the future. 
with soft gouges, however, are features and should be avoided 


wrists 


e condemnation of a site. Tei is however, that its exi 


Of course, no dam should he bailt a 


_ Mere proximity to a known zone of active ‘faulting does ‘not. necessarily 


imply s serious danger to a high dam. Such dams are usually of concrete an 


are founded on solid - rock, Tt is re- assuring to remember that the Crystal = 


Springs (concrete) Dam, near San Mateo, Calif., was not injured by move- 
ment on the San It in 1906, ‘although: thé fault line passes only 
about 900 ft. west 


io Major earthquakes are usually a consequence of fault” movement and ais 


‘4 two phenomena must be considered together in relation to their effects on dams. — 
Earthquake waves have been divided into two general classes : 


“* tional and distortional w waves, propagated with high velocity, as a consequence of off 


the elastic property of rock; and (2), waves visible at the surface of the ground ~ 


Be Waves of the first group rarely exceed an amplitude “of 0. 5 mm., although in 
one J apanese earthquake an amplitude of 76 mm. ‘(about 3 in. .) is recorded.* _ 
_ The origin of the slow visible undulations of the second class i is not fully under- 


- stood. Such waves may be 0.3 m., or more, in height and 10 m. from crest to 


= 


rest. They are apparently produced by the passage of the elastic waves from 


rock into loose, unconsolidated material, such as alluvium. There i is no satis- t. 


a that these large waves traverse solid rock and the nature of aoe 


this material would seem to preclude such an occurrence. ied Wis 
a In considering the possible effect of an earthquake on a dam, it is well t to a 
a properly constructed high dam is built on solid ‘rock and 
becomes in fact an integral part of the rock upon which it rests. a> 


structure: probably would be affected only by the short elastic waves that a ag 


"propagated with high velocity through | rock and not by ‘the visible ee. 
waves that 1 ‘pass as terrifying and | destructive undulations through alluvium 
is * artificially : filled ground. It i is permissible, therefore, in a region subject to 
earthquakes, t to examine the natural rock forms and to deduce from their con- 

dition the probable | effect of future earthquakes on a concrete dem. ‘This 


‘reasoning was applied to the proposed dam site at Angostura de Teras, Sonora, 
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GEOLOGY AND HIGH DAMS 
This region is known to have experienced a severe earthquake i in 1887, 


in which some lives were lost and | damage 1 was done to buildings i in at least two 


a Pe In comparison with other regions of similar topography and | climate, but — 
mh not known 1 to be subject t to > earthquakes, ‘the rocks i in n the vicinity of Angostura 7 


w gorge in 
thyolite, few kilometers east of the dam site. ~The walls ‘of this gorge 
ee practically vertical; in places they overhang, and are at least 70 m. high. - Tt 


‘than the normal quantity of rock débris at. their bases. ‘Particularly significant 


would appear that any shock capable of destroying or seriously injuring a 
concrete dam would have shaken down these walls. An even more ‘Teeepering 
i nay in the vicinity of the site is a slender residual spire of ‘eonglomerate, 
about 35 m. high, which obviously passed unscathed ‘through the earthquake of 

Paved of mou p ed blsod> sarah on TO. .oldigzoy 

na region where such ch relatively instable rock forms, those Just ited, 


situated in a canyon, not be damaged by a future shock 


; ‘sig Ih conclusion, it may be remarked yi dam sites which, from the geological 4 


point ‘of view, are ideal in all ‘respects are exceedingly re rare, if any exist. ie On 
the other hand, it is a tribute (perhaps not unduly optimistic), to ‘the skill of 
_ modern engineers to state that a dam may be built successfully on any site, if 


_ the geological conditions are known, and if no limit is placed on cost. 4. ce 
practice, the construction of a dam ‘involves compromise and adjustment 


— these two extremes. The one great point to be emphasized is that mt 


engineers should have before them as ‘complete and reliable’ a presentation o 


the geological conditions as it is possible to obtain. That lesson, RP who bas 
the ruins of the St. Francis Dam is ever likely to: forget: 
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In planning his procedure for 


arlos Project, Arizona, the contractor was with difficulties as 
‘plant ‘selection and the choice of handling methods. There three main 


group of problems involved i in laying out the construction plant: — @) Con- 


crete; excavation; ; and (8) general. service ‘problems that. applied to both 


Problems relating to the concrete plant involved the selection of chutes, 


“towers; bunkers, mixers, ‘ “aggremeters”, cables, anchors, ‘steel fenders, cutters, 
shop machinery, and many special small tools required 


Excavation included the | arrangement of equipment 
necessary to control the Gila River during construction; to excavate and 
4 dispose of 300 000 yd. of rock and 50 000 yd. of sand, gravel, and boulders at ae. ‘ 
Fe the dam site; to load and transport the concrete aggregates; and to build 


In the third ; group was included the ] plant ant and equipment that served the 


general needs of both concrete and excavation activities. It involved the con: 
_ struction ¢ and equipment of shops for mechanical 1 repairs. and for blacksmithing, : 
welding, rigging, ete. It also included | the erection of cableways and the 
of systems for electric power distribution, flood lighting, tele- 
; _ phone and signal communication, water supply, compressed air supply, garbage a 
‘The selection of plant machinery was guided by careful attention to the : 
following factors The s shape of the canyon floor and walls; (2) the 
7 general topography ¢ of the dam site; (8) the total quantities involved; (4) the in 
element of speed in construction; specification limitations; (6) the ki nd 
and the cost of labor - available; (7) the “construction symmetry” of the > design 4 : 
(8) the kind of power available—whether | electric, steam, Diesel, g: gas, ete— 
and the cost of power; (9) relative economies and first: costs; (10) operat- 
ing and value of the plant; (11) transportation facilities, 


freight rates, probability of floods, and 
climatic hazards in general; and (12) general economic considerations. 
It is conceded that the constructor must make a profit in order to remain 

in business, and, ‘therefore, a strong undertone of economy must influence his 


judgment i in the ‘selection of his. operating plant. Equipment. with a ‘probable 
= life equal to or less than ° the length of the job must be s selected on the | basis of 
_ Other equipment must be purchased with consideration 


= on other work as well as its final salvage value. 


“FY 
Angeles, Calif. 
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Since Coolidge Dahil ts located in a “box” (see Fi 


’ a constructor ‘was forced to choose | between two possible layouts for his concrete 


plant; that i is, it could be established i in the river bed or on the ‘hillside, 
General Considerations. —The latter was chosen because the Government 


placed i in ‘the bed would be s to | possible: conflation | 


_ There was only one location a available for storing aggregates : and thieves 
hp. mile down stream from the dam. , There were three possible ways of trans-_ 
porting this material to the site: By road or railroad running close to the — 
a ide walls along the bottom of of the canyon ; by motor "trucks on a n a long, ‘serpen-— 
ne, up grade; and by means s of an aerial tramway. at 


om choosing the the flood the cost of ‘difficult 


Distribution of general selections had ‘been made it 


‘Since the shape of ‘the canyon is ‘boxlike with sharp walls, and ‘the 
width, of the river bed is nearly equal to the length of the crest of the dam, it = 


was evident that any distributing plant would have to be placed so as to reach 
4 out along the axis fully as far at the bottom of the canyon as at the level of 
crest. The shape of the such that its length | along the axis 
the stream was ‘approximately | equal to its width across the canyon at 


bottom. This forced the designers of the > distributing plant to consider ways 
and means of reaching every part o of the area at the base of the dam. _ Tf the 

had been V-shaped, with a constricted waterway, the type of plant 

3 At the top, the dam recedes n more re than 200 ft. from the up- -stream contact 
3 of the dam at the foundation. — Therefore, at the river foundation, the selec-. 

; tion of the plant, was dependent on the shape of the structure. In Fig. 3, 
- the “ coverages” or the areas covered by the various chutes are shaded. _ Con- q 

} siderable thought w: was given to provide flexibility so that the constructor could. 4 a 
place concrete at points— widely separated between the -stream the the 

down- stream limits at the base and at the top. ‘gail 
Construction: Symmetry.—After analyzing the plans ca: carefully, the -con- 

-— stenctor found: that one type of plant \ would be satisfactory for building the 7 | 
lower and middle parts of the dam, but -would be of little practical use at ithe’ 
top of the dam. The solution. of this” problem involved a consideration a 
actor (6), “Construction Symmetry of the Design”. gilt x0. 

It was decided to pour the massive parts of the dam with one t type. of plant — ‘ 

thin sections with: another.» This involved a an added expense due 
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CONSTRUCTION METHODS ‘AT COOLIDGE DAM 


Analysis of the plans showed that it was. to place 


yd. of concrete per day i in many of the courses, 1 in ‘some 


type | of ees could not be operated niet isd both these conditions. ns. 


‘ast Dome t ome: 
La We on Cableway Counterweight Counterwelght 
oso Ft. Suspension che 


Counterweights 


1-75 Ft. Counterweight~ Travelin: 
Ft.Boom Plant” \ to East 
Spillway ia +4 


Line; Mixers 


Dome ~___ East Dome Spillway 
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The Main H sisting Tower—Despite the flood hazard, “the main hoisting 

tower was located directly in the river bed. (See Fig. 2) Side-hill towels 

would have involved re-hoisting: the concrete and would also a 
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CON STRUCTION METHODS AT COOLIDGE DAM 


great first: ennt In order to make the tower safe against high si it was 

_ founded | on a concrete pedestal which was sunk to bed- rock, and although it 
not called ‘upon. to a large flood, it probably would have been 

i in | the: largest known run- -off. “ob diseogunt ont ta 
Labor Problems.—All the trained experts that were required for such ‘can 
struction work as the erection of operating cableways, towers, -chuting, plants, 


tramways, ete. , were available within the “organization. — Therefore, the labor 4 


feature was s considered | to be solved and the selection of the chuting plant was 
re 


not affected by this consideration. To operate a a large. chuting plant requires 


a high grade of skill and it ‘should ‘not be attempted unless a constructor is 


willing to pay the price of of educating hig. forces or unless: he can organize 


sdequately for that purpose. 


size the tower and the mixing plants to desided by 
the hourly production n that w would be economical. — For instance, by selecting — 


two 2-yd. _ mixers instead of four 1- -yd. mixers, the constructor was able to 


= 
consolidate ‘the plant. within a smaller area, al ‘and thus reduce the labor 1 require 

to operate it. mixers we also better the mixing | 


he To obtain maximum economy in the handling of concrete e aggregates, it is 


common practice to make use of gravity, and this, in turn, involves head- -room. 


By selecting tramway transportation, head-room « did iach enter into considera- 
tion at all. Tf it had been decided to use a railroad at the bottom of the 


a a canyon, or truck transportation at the top, this would have been a factor in 


(te problem. The use of t truck < or railroad _ transportation would have > elimi-— 
_ nated the need for storage s space at the mixer ‘plant, but it would have made 


necessary a a larger transportation outfit to ‘supply the needs of an unusually 
Ter arge “pour’ ’, With the plant selected, bins with a . storage capacity of 8 hours 


were provided. This s system was not hampered by. considerations | of head-room 
tan 


and, by operating the tramway 24 hours, it was s possible | to. pour | - concrete c -con- 


tinuously during two 8-hour shifts, FA 
To summarize briefly, the concrete plant consisted of gravity bins oa whieh’ 

of 


were. filled by “means 0 of an aerial cableway and two concrete ‘mixers 
which were fed by “batchers”. Siloed cement was used. Concrete was deliv- 
3 ered to ‘the base of the 2- -vd., - ft. tower, where it was hoisted to ‘the three- 


way chuting plant above. ‘The chutes supplied the shaded areas shown - in 
Fig. 3; that is, one chute went, to the « east dome, another to the west. dome, 
and the third to the central-sections. The ends of the chutes were fitted 
as shown i in Fig. 3. ‘The 75-ft. machine at the 
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* ‘go as to remove his | plant quickly in time o 


total of 204 000. cu. yd. of concrete of all classes was eased. 


ot 
In planning for the excavation. work, several selections were open to the 


constructor without dan of ‘making any fundamental. error. 


ee ~The Transportation Problem.—The Gila River has a wide, sandy, and si Ity 
bed that carries” the normal flow in one or two well- defined channels. The 

entire bed is subject to filthy inundation on almost any occasion. Certainly, 
one factor the constructor must secure is ‘mobility. He must plan his layout 


mi f flood. ‘Since mobility i is a fune- 


_ tion: of size a steam shovel of medium size was chosen for excavation work i 
= in the river. _ At the same time. the high rock cliffs at each abutment offered 
splendid opportunity for the use of large shovels. ‘These two conditions & 


incompatible: On ‘the one hand, the total plant investment must be 


| pe low and, on the other, mobility and service at any required point | must: 


be assured. Therefore, it was decided to provide units and to use as 

of them | as” economically possible. Truck ‘rather than r rail 


portation was ‘chosen because of greater mobility and the ability of trucks to 

he Flood Control Problem.—There was always some in the river and 


a small quantity of water was required the basin directly in front 

of the dam i in order to create a high head. To meet this condition a ‘sliding — 9 

of control gate, 12 by 32 ft., was built to close against a a 


- head of 150 ft. ‘The gate was made adjustable so that the opening could b a 
th 1rottled to control, spread out, and minimize effect of. ‘floods and protect. 

g p 


» ae pumping units were of the vertical, turbine type, chosen for ease in 

ane? for their ‘mobility in case of high water, and because they were 


ool- proof” in general. They were suspended from cables stretched acros 


canyon and could be. e easily lifted away from harm by gasoline hoists. 
Dump Trucks. —The trucks chosen for the river excavation could “track” 


“forward or backward with equal ease, s, and could handle loads of 7 to 10 tons 


on dump roads that were changed constantly. _“Backdown” -Tamps were con-— 


structed into the excavation, and the deciding factor in choosing the trucks — 


their ability to negotiate these ramps safely by backing down. 40 


ae and equipment for the Coolidge ‘Dam. The layout was well design 
and served the purposes for which it was planned. 
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3 | gravel transportation for the job, the next considera, 
r- _ of mixing, chuting, and gravel transpo a . 
re a 4 tion was to erect a crushing and screen S | 
h ring schedule as plant — 
@ 


‘The ‘material in the gravel pit consisted of cobbles, boulders, si silt, 2 
and ‘it was, therefore, not possible to use it in its natural state as graded a tials 
gate, Tt was necessary to furnish two digging units and a system of balanced 

are? 
transportation between these units. and the primary crusher in order 

The selection of equipment for the ‘pit transportation plant. was governed 


vy ordinary economics and it was, on this basis that a narrow- gauge track 


locomotives | were, chosen. “The length | of haul was t the deciding 
fia 


liminating trucks. e digging units were chosen ‘merely | on the 4 


id 
operations and smaller ones for the secondary or ‘paging” work. 


- The ‘gravel plant requires no further description than to state that it served 


all the purposes for which it was b built. 
Cableways. —The greatest care was ‘taken in assembling the plant designed — 


or “general services’ Two inlet. towers were located in ‘the plane of 


up-stream bed- rock contact. _ These towers received material during constru 
ion by means of a 10- ton cableway, which was also arranged to carry , forms ; 
reinforcing steel to the lower areas of the | 
Most of the tonnage was “delivered on the main 20-ton cableway (see Fig. 
8), ‘which was centered over the > roadway of ‘the dam. This material- handling 


Te excavated. A comparatively large shovel ‘was used for the major digging be 


service was augmented by several ‘small trucks and one large. truck which - 


s ‘shuttled up | and down the roadway ehween the camp, shops, and the bottom of | 
Shops and Service Pipe Lines +—'Two compressors fed a generous supply 


air to the whole job. power distribution was ‘carefully planned and 


serupulously maintained. The Electrical Department w. was ‘completely equipped. 
An ice e manufacturing | en was part of the layout and cold drinking ale 


supplied at various pointson the job. 
Air and water supply pipes were incorporated in all meat of the dam so 


that the forms could be readily cleaned and the concrete cu e forms 


"required were unique and the work entailed in erecting them was indeed a 


“except that it was complicated by the need of providing the | engineers with a — 


control for the sloping pours”. This involved additional costs in 
shoring and i in wires, but otherwise there was no ‘difficulty. ay 
g oe . The Domes.— These are enormous egg- “shaped structures, rising in nearly 
vertical lines from the bed-rock to a plane about 50 ft. above. At this plane, 

the surface began to incline inward toward the vertex with | the ‘curvature 


gradually in increasing until at the the crown line was level. odt To 
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“downes stream face at the top of the dam is 212 f acer the total height a 


increased from 94 ‘ft. b ‘bed- rook ‘tp’ 160 ft. at 


7 then decreased gradually to 126 ft. at the top. The rises were 
: 30 ys at the bottom, 50 ft. at the center, and 24 ft. at the top. 


For Purposes of ‘construction each was. divided into three sections 


er Orson ack 
The} part : from bed- rock to a plane 50 ft. . above; t that between llevation | 50. to a 
near the top, where the | spherical cap to take. finally, 


4 hy 9:00 M. so the could set new points promptly. 


Otherwise, the cycle would be broken and one working | shift would be lost. 


This stipulation required t that the yardage of concrete poured each day should 

be e such that the | plant could be used to full capacity and that the chuting | 


- system be made so’ flexible that the scattered areas could be easily reached. i 
It was found best to “pour the buttresses. and quarter-spans of the 
"adjacent domes i ‘in one piece. After | such a section had been allowed to | shrink 


4 or 5 days, the central part o: of the dome was poured. This plan accomplished 
o things: It “permitted } pouring concrete in the buttress sections with very 


little m of chutes, ete. ; and it localized the sections of scattered pouring 


to ‘the central arch parts of the domes. The flexibility built into. the plant 


‘made usable during the time of concentrated pouring so that a balanced 


Since the walls of ‘the domes were of varying rates of curvature, flexible = 


form panels, in assorted s sizes, were used throughout. — No difficulty was experi-_ 


enced until the over-hang of the intrados panels became greater than 88° 


‘the vertical. overcome e this, teinforeed were set 


a 
7 The bridge, or 1 roadway part, of the domes was supported on structural — ¢ 


steel centering. _ ‘The concrete was poured in balanced blocks in such a manner 3 


as to control deflections. Well- known and standard were 


e last section poured in the: dome where the ‘degree of cur- 


were from. the U bolts. and ‘the lagging to support. the concrete for 
the top of the domes wa constructed on these trusses. The loading o on the 
eae trusses was distributed so that each section poured became self-eupporting 


before anew load was applied. method was found to be economical and 


Brovi ided for the i in the concrete. 
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pouring process n ea took three weeks. No difficulty was 
their. construction, but the > design of the centering required 
— the ingenuity that could possibly be concentrated upon it. It was neces- 
_- Sary not only that the superimposed loads « ‘on the trusses be ‘carried pea 
and that the deflections be controlled, but also. that -over- -stress be 


the parts. of the incompleted domes for supporting t ‘the ‘trusses. 


The multiple « dome was “found to be a practical structure to build oe 


worth contender primacy, in the dam field 
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“AMERICAN SOCIETY OF ENGINEERS: 


PAPERS AND DISCUSSIONS 


This ‘Society is not responsible for any statement made or opinion expressed — 


CONSTRUCTION OF THE 


_ JAMES RIVER BRIDGE PROJECT* 


| 
R. C. Winson,t+ Esq., AND Hersert B. Porr,t Assoc. M. Am COE 


Synopsis 


bs “paper describes the J James River Bridge Proj ct a 
important details of its ‘onstruction. ‘This being a toll bridge and 


large outlay, it was “necessary to make a careful investigation of probable 
expenditures to determine the soundness of this investment. The item of cost 


most difficult to ) predetermine was that of the concrete p pile foundation work due 


to the soft clay bottom of the James River. 


A A description i is given of the general plan of operation of the work from a ae 


‘main base where materials were assembled. The methods of casting, handling, ~ 
_ and driving the large concrete piles. are outlined, as well as other details of the — 


work in the field. Actual load tests on piles” which did not to refusal 


furnished | interesting data i in regard to their carrying capacity. 


The J ames ‘River Bridge Project. (Fig. is an link in the 
ell “Atlantic Coastal Highway System and makes it possible for a motorist to. reach | % i 


» from the north continue south without the former long 
detours or troublesome ferries. The project: ‘consists of three bridges, tots totaling 


é 4 5% miles in length, and about 11 miles of concrete roads built to give acce access” to 
is the bridges | from existing highways. The largest of these bridges crosses the i 


od ames River. just beyond the city limits. of Newport News, Va., and is about a a, 


AR miles long. The other two bridges carry the highway over Chuckatuck 


‘Inlet and the Nansemond River, respectively. traveler will now find a 


e roadway leaving the nd Highway just west of 


News, » spanning t the J ‘ames ‘River, Chuckatuck I Inlet, 


and ‘connecting with the State Highway eading to Norfolk. 


“i 


Presented at the meeting of the Construction Division, ‘York, Y., _ Januar 
1929. Written discussion on this paper will be closed in March, 1930, Proceedings. per A’, es 4 


Vice-Pres., Turner Constr. Co., New York, N.Y. 


=) % 
Supt. ot Constr., Turner Co., Asbury Park, N. 
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Early Studies. 


entailed first a very - careful study on the part of the engineers as to the value — 
of these bridges and connecting Toads from an investment standpoint | 80 that 
i might be certain that the revenue to be derived from tolls would rey represent 4 


amount of research work was necessary in 
order to determine even approximately the cost of the pM@®ject. Surveys had 
to be made, borings and soundings | had to be taken across the rivers on the 
proposed line | of the bridges, : and the cost of crossing private property with the 


vight of way had to be ascertained. 
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Pa To Worth Carolina ae 


1—Jamzs RIveR BRIDGE PROJECT WITH CONNECTIONS AND ENVIRONS. 
4 It t was assumed that pre- cast concrete piles would use 


ba soon as the borings had been studied it was realized that some of these ie 


ould have to be driven to unusual depths and that the resulting cost of the 


might exceed the safe limit of investment. In order to obtain m 


and driven at iitervals along ‘the line of the James River Bridge. This work 
e indicated that many of the piles would have to be of great length, but that. a b | 
“supported trestle was feasible and would cost less any other type of 
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| +4 cost of the piles and piers alone more than $300 000, 


_ JAMES RIVER BRIDGE PROJECT 


piles sidicated by. the test ‘were 115 
; and weighed slightly more than 85 tons each. Many of them did not drive to ‘ 
al, though penetrating as much as 90 ft. of soft clay. Actual tests had 
to be resorted to for determining: what load such piles might safely ¢ carry. : 
- When they came to rest an enormous grip developed between the soft clay and 


the: great area of pile surface. Thus, where existing formulas based on 


penetration under hammer impact ‘tadlented. a carrying capacity of only 18 to 
20 ) tons, t the piles actually supported a load of 90 tons without t settlement. — 
e. ‘maximum bridge loads that the piles will ever be called upon to support will be 


When the estimate of making and driving these ‘great piles was completed, 


LAGU 


a. it Cae found that the cost of thus carrying bridge loads averaged nearly $9 
per ton. This information led toa careful ‘serutiny of the design of the bridge — ey 


deck so that as little as possible | of the | carrying capacity of the piles might aoe a 


in supporting the dead load. This study resulted in the adoption 


_ of a deck constructed of reinforced concrete slabs ‘supported on steel L-beams. 


About 5 miles of trestle was involved in this’ project and the saving in dead - 
load amounted to about 26 000 tons. This lightening of the deck permitted 
re the spacing of pile bents 44 ft. on centers instead of 34 ft. It saved in the 


wir. ic LO ret) Om poet 


and nearly as much more 
in the deck itself, due to the great simplicity of its construction. ———™~S 


S. General Arrangement. —The importance of the Ja ames River as a waterway — 


(Fig. 1) made necessary ‘a considerable amount of long-span bridge work in 
¥. the channel area and the construction of a large lift: span to avoid interference | 


3 over this bridge from the north shore of the Jar ames River will travel for about a a 
rao ft. plate girder sp spans and four 210- ft. through trusses lead to t the ee 
j -eenter of the channel. ve This is spanned by a great direct- -drive lift bridge, 
i — 800 ft. long, with a clearance of 50 ft. from mean high water when closed and Ras 
145 ft. fully opened. ‘This is 10 ft. more clearance than’ is given to 
- navigation by the bridges over the East River, New York, N. Y. On the 
—_ side there i is a sil similar ‘arrangement of trusses and plate girders leading ol, 


sete A mile farther south is another group of nine 90- ft. plate girder ‘spans 


carrying the concrete roadway up over a a branch channel of the river that 


plate girder spans and the south shore of the river is fine stretch of 


trestle work more than 2 miles in length—straight and almost level. ~The 
two smaller bridges have the same type of trestle work as that over the J ames 
| River. 1 In each case the channel i is spanned | by a double-leaf bascule of | the 


et rolling type, 110 ft. in | length, which gives ample « clearance to navigation on 


od Between the north end of the J ames River Bridge and the main highway i i 


‘Tunning from Richmond, Va., t to “Newport News (Fig. 1) is ‘an elaborate 
A approach laid out around a . plaza. At the south | end of the same bridge for 
a. distance c of about a mile there was | a difficult piece of roadway construction, af 


through at level. Here, ‘the bottom was so 80 soft ‘that it 


‘navigation for even the largest ships that ply these waters. One driving 
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to form a sv 
for the concrete About: 84 miles of concrete roads were ‘constructed 
on the peninsula between the J. ames and Chuckatuck, while between the 


and the Nansemond about miles of “eonerete road had to 


ick 


built, but these stretches are over ‘higher land, ‘where there ‘was no trouble i 
finding proper foundation. Similar conditions exist to the south of ‘Wasik } 


VUMUALLY 


' aa where about a mile of concrete roadway has been completed to connect with 


existing highways leading to Portsmouth, Va., and Norfolk. Prins 


Locating Brid ge Lines.—. 's part of the preliminary work on this Lal 
made. Base monuments had to be by 
aa careful triangulation and ‘permanent working points had to be set so ) that 
would be possible to start construction at different locations along the line 


a a the bridges without the probability of error of closure as each part o of the 
developed and approached the other. “The initial triangulation w work was, = 


done under the auspices of the U. S, Coast and Geodetic Survey which 2 assigned 


engineers to establish the monuments designating 1 the terminal ‘points of the 
aree No great problem was presented by the location. of the ‘roads, 


vo smaller bridges, and ‘station points were established alone 


ty 


he survey work on the Ja ames River was a more serious matter. 
inal points were nearly 24 000 ft. Deep: water intervened for most 


iE way and ‘the ‘visibility. was apt to be poor. It was decided finally to 


erect pile- ‘supported platforms at: intervals along the line of t the’ bridge and 


in n the center w was as located o on supported on wood. piles securely. 


— and stapled together. The working platform surrounding the instru-— 
‘ment point and independent of ‘it was also built on nm wood piles and permitted 
of boats to the the platforms without the instrument 
got! 4 M aterial Testing. .—A concrete testing laboratory with and complete 
“equipment was « established at the m main n operating b base i in n Newport News. A 


towed to the site of the and exact: instructions were given at frequent 


intervals t to the different mixing g plants as to the proportions of sand, gravel, 


a Other test cylinders, cured under various weather conditions, were broken 


at from 2 to 10 days, and the inform ation thus gained as to the early — 


forms. This. led to ‘economy in form building be not havrinigth any of the center- 


ing: left in place for unnecessary lengths of time. A 1:14:3 mix was used 


eae the concrete piles” and for all cap and pier work to Elevation Adare A I 
other concrete was de gned for a 1:6 mix. {abid te teourls qriswa 
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— used each day and these were broken at 7, 14, : Bas 
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Working Base. the construction of. this ‘the first A 
importance was the establishment of a main operating base. For this, certain 


—Harbor for refuge of floating equipment. | 
5—Suficient area for storage of materials, pile-casting, and ‘storage ee 
yard, carpenter shops, offices, and room for fabrication and storage y 
-—Reasonable the different of an a extensive 
survey available one that was ideal for all” 


‘shipyerds sprung into being: during ‘the ‘World War. This proper 
was situated within the } city limits of N. ewport News and fronted for a distance 
of 700 ft ft. on Hampton Roads, with a wharfage of 1 100 ft. along a small boat 
harbor vy where floating, equipment ec could be tied ‘up. this” dockage was 
required because when the many | craft had to ‘seek shelter they w were 
tw wo and three d deep along the bulkhead. 
As shown in n Fig. 2 the principal area was devoted to the casting and curing 
(30 days) of the 2980 concrete piles. Thus, with the sections required for 


the : fabrication of the reinforcement ind the casting it was necessary to on 


aside for the pile yard a ‘space, 1 100 ) ft. Jong and 125 ft. wide. This was 


a slip on Hampton Roads where 
piles were loaded on barges for transportation to the drivers. 


principal parts of this yard | were devoted to the storage of the heavy 


barges, ete. Along the boat harbor, space was reserved 


Pile-Casting and Handlin g —The Pile- Casting Yard proper was constructed 
on a forest of 2 by 4-in. stakes driven into the ground. — These stakes - were 
= 18 in. apart, running lengthwise | of a supporting 2 by 4-in. joist, and 
joists | themselves were spaced 15 in, apart. On top of the joists, J-in. sheet-_ 
was laid for the width of the pile. The side for the pile were held 
and ‘plumbed by. a cap “member. Later, this 
was, taken off to p permit the side forms to spring apart an nd thus allow the | 
lifting of the pile. The Casting Y Yard had a capacity of 140, piles, the Tengths 
he being adjusted k by ] putting the end stoppers in the forms at any desired position. is 
Piles as long as 115 ft. could be poured on this platform. Longitudinal steel ap se 
the piles came in full lengths—117 ft. for the longest units. 
The mixing plant for the Casting Yard consisted of two 1- yd. ‘mixers which Bas 5 


a — charging hopper holding approximately 400 yd. This 
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bulkhead in such a ‘position ‘that material tie’ directly into the 
either from the barges on which it arrived, or taken from ‘a storage 


pile located under the swing of the boom. _ Aggregate entering the mixer was 


measured by batch hoppers” and the water “content was gauged 
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2- OF JAMES RIVER ‘BRIDGE PROJECT, AT 


After the piles. had been poured for a ‘period of approximately seven days 
they were lifted from the forms by the gantry crane spanning the castthg 
platform, using for this’ purpose, heavy T -bolts with washers, cast into” the 


piles. Either three or four bolts were used, depending on the length of the pile. 
The loads on the T-bolts were balanced by blocks on an equalizing beam slung 
under the gantry. After lifting, the was carried to the curing yard, 

¥ also under the erane (Fig. 3). There it was thoroughly inspected for cracks 

; : and flaws and was cured for a period of 21 days, or longer, by means of wae . : 
jets. ‘This yard had a capacity of approximately 500 piles. As piles: 


‘ 
up by the gantry crane which, running out 


Shallow near the shore on all three bridges necessitated 
f, the dredging of a channel 180 ft. wide and 64 ft. deep along the line of the 


ite bridges from deep water to ‘shore. — These channels permitted the efficient use 


of the heavy floating | quipment 1 necessary for handling piles. and other loads. a 
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CasTING Yarp, SHOWING GANTRY PICKING UP 115- Foot Pre READY TO 
Lower It Into Storacs. 
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The used for.p placing the consisted of two large floating drivers. 
One was of the ordinary single-lead type; the other was called the “four-lead” ii 
| driver: (Fig. 4), and carried a derrick capable of handling the 115-ft. piles. 
‘This. derrick picked up the pile from the transportation barge and placed it 
in the leads, using a tather complicated sling, with three or four points of 
“suspension along the pile depending on its length, the loads being compensated _ ihe, 
so that no excessive strain was placed on it during the entire operation. 


the pile was directly plumbed, it was placed in the leads and lowered 


All four in in leads before the driving was 


started. The derrick ‘then picked up a steam hammer assembly | from | a rack 


roper ‘pesitioa: for it was held in by spuds lowered 
These spuds also prevented the barge from canting when the heavy 


4 piles. were picked up. ‘The four leads - were fastened together, but could be 
moved as a unit for short distance in any direction to the barge” 


Before ‘placing the piles a triangulation. platform w was built near the point 

_ where the driving was to start. This platform w was located from the triangula- ae R 


tion network; then by means of a transit set the center line of the bridge, 


and. using tapes for stationing, t the piles v were “spotted.” Auxiliary platforms _ aa 
clamped to piles. already -driven were used to permit the pile-“spotting” er crew | sa 
to keep within a reasonable distance of the ‘driver. Station points» were 
‘at frequent. intervals by tested tapes, as this method permitted very 
accurate pile ‘spotting. Since all the piles could not be driven to the exact 
-clevation required, had to be off by means of an acetylene orch 
a _ After they had been driven, | certain . piles showing the maximum -penetra- 
“tir 


2 


n per blow were selected. for testing, A water tank was placed on “top i 
an I- beam frame slipped over the top of the pile (Fig. 5), and was filled 
with water Readings were made for various | loads until a maximum of 90 
tons was reached. Observations were taken for settlement under each incre; 
ment of load. After: the maximum was reached, the tank was s emptied and 
& readings were taken to determine | how much, _ if any, the pile itself had been so ' 


- compressed or how. n much it regained under decreased load. It was found that 
piles which had ely large” ‘penetration per blow while being 


Floating | Concrete Plant— Each of. the two concreting plants were built 

jee a special barge, 36 ft. wide by 91 ft. long, with a maximum draft of 7 ft. | 

stiff: -leg derrick was ‘placed at the Tear for moving sand and gravel from 
scows moored on either side, to the bin over the 1-yd. concrete ‘mixer; a 65-ft. 


tower: directly in front of the mixer hoisted the concrete to a distributin 
— the face ‘of the ‘tower. ‘The coment was delivered by barges at 


— 


hold to. 
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platform. A pump distributed water 


‘ petiaie'c on the barge and to the mixer all water for mixing was brought from 
shore by barges. It came from tested wells or from the municipal 
system of Newport News. lighting outfit was installed to furnish elec- 
tricity for flood lights, | ete. qu ber 3 dserrob. 4 
to ‘In the center of the barge was an _anchor- ‘handling davies, power-driven 


ext through» "reduction gears to. “nigger heads” ” at either side, by which means, 
a3 ee the plant could work itself along the bridge as desired. All this equipment _ 
was: gas-driven and id required al about 250 h. h.p. in seven units of from 10 to 80 h. 5 
Wood- pile ‘dolphins were driven at intervals of perhaps 1000 ft. parallel to 
and about 500 ft. from the center line of the bridge. — These were used for 
“ mooring the various equipment at night and also served as a point of attach- 
‘ment for the stern lines of the concrete rigs. We bus oft to odd 
‘Trestle Deck. —The typical deck consisted of f longitudinal -beams 
which a 9-i -in. concrete slab was poured. The supporting trestle bent comprised 
four piles, 7 ft. on centers, capped by a concrete beam (Fig. 6) bon nded to the 
q pill by the pile steel itself. Forms for these caps were carried on timber yokes L 


ake around each pile; on top of these yokes were laid two 6 by 10- -in. timbers the 
. full length of the bent. These timbers were likewise clamped by bolts to the 
pills and not only afforded a greater resistance to slipping under the concrete 
San Fos load, but also pulled the piles into line. On top of these timbers pons 2 forms | 
for the bottom of the caps ‘were laid and side forms were built up. ‘These 
were poured by one of the concrete rigs through chutes (Fig. 
hee Four 30-in., 115-Ib. I- beams, 43 ft. 9 in. long, spanned between ‘adjacent . 


pile caps, on base plates and anchored by heavy bolts. 


— 


beams were loaded on 1 barges’ at the construction base by a 


and were set in place by wdervick boat.) 

- forges intervals of about: fifteen : spans, an extra bent was yoked to the regular 

bent by ‘concrete collars, to ; give longitudinal stiffness: to the bridge. Where 

unsupported | length of piles exceeded ‘the limit or where the 


ho x 
Piles drove to high- water line, the ‘cap was placed at this level and on top of 


on top of the pony bent. ebned ‘tot. po 
- As the clearance between curbs is 22 ft. on the James ‘River and 23 ft. : 


c on: the Nansemond River an | Chuckatuck Creek, whereas the outside rows of 
a I- beams are only 21 ft. on center, a smal] cantilever slab projected on each 


3 


side. To support the forms for this, 4 by 8-in. outriggers ‘were used; ieee, 
in turn, hung on the bottom flange of the outside row of T-beams an id used 

the adjacent interior beams as points of reaction. On top of these ‘outriggers, 
‘support the floor forms, posts were placed, which also gave a means of 
Sea bracing the outside | of the curb farms (Fig. 8). | For the interior panel forms 7 


¥ a between the T-beams themselves, 4 by 4-in legs, with 2 by 6-in. headers rested — 


directly on the bottom flanges of the beams. fa Being of exact. height they did 
require wedging. top of both sets ‘of jacks were laid ‘panels con- 
tructed of q-in. tongue and groove material (Fig. 10). Because the 


was poured monolithic with the slab itself, some means for supporting the — 
vertical forms was s necessary. A steel frame: was from. 
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5.—Loap Test FOR PILE. 
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AMES RIVER BRIDGE, SHOWING C TLE BENT ais; 
CARRYING STEEL STRINGERS. = 
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putside form of the g. 
pesca of seagate wood or concrete blocks i in n the deck slab itself for the 


beams. > "After the finishing had passed, the track and castings 
were removed, wail this section of the deck was hand- finished. a wolog 21-8L 1 
Reinforcing steel for the "deck ‘slab consisted of -in. bars running acros 


finishing machine behind the pouring. The was 

‘ta for bumps by light straight- -edges, was given a float finish, and, finally, 
the float marks were rubbed out by dragging burlap over the surface, 'The 

| deck was cured by being kept wet for fourteen days, and in warm weather | sie 


was further protected against the § sun 1 by a burlap covering for several es 
Bridge Structures.—The ‘supporting the trusses were in about 40 ft. 
of. water and were supported on wood piles driven practically flush with i Se 
river bottom. On top of this piling were placed bell-shaped steel cylinders, 
- for each pier, extending to a point 4 ft. above mean low water. These 
_eylinders flare from a diameter of 23 ft. at the bottom and to one of 10 ft. 


at the water surface (Fig. 9). The piers comprised two cylinders with a 


connesting -web-wall from Elevation 44 to the bottom of the structural steel 

work. ‘The foundation piers for the James River Bridge lift were 28 by 
| 52 ft. at the river bottom, supported on n wood piles, and were built inside 
steel, sheet-pile coffer-dams. concrete seal 15 ft. ‘thick was: 


inside these -coffer- dams by tremie in case of the cylinder: piers, 


eonerete at water level 10 gives an idea’ of 


structural steel in the long ‘spans was fabricated on -falsework 
: pica of a traveler, and each tower for the lift span was raised by a de 
designed especially for the work, The: floor system of these truss span Ww 


ee which the concrete was poured, v using fae similar to those for ‘the trestle 
de The floor of the lift span had stringers placed much closer’ 
over which 2 by 8-in. -creosoted planks were laid on edge. The we wearing sur- 
consisted of in. layer of asphalt, fabricated i in strips; these were laid 
much | like | a plank flooring, the joints s being poured with asphalt. 
“steel w work 1 was painted with one shop: coat of red lead and two field coats 
ey Each channel ws was 8 protected by a fender 200 ft . long with 50- ft. flares. . 
constructed of creosoted piling spaced 8 ft. on centers, capped by a 12 
12-in. _ timber, with six 6 by 12-in. walings: on the channel side. Dolphins 
_ of from 18 to 21 piles were driven at the break of the fender and at the end of cr 


the flares. The whole system secondary row of 


he barge as it pulled itself along.: ‘This method: of) 
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_ Standard electrical lights by 


of the north tower at the lift span” to 
flying. The bridge “proper was lighted by 150 lamps" with specially 
eo shields to prevent glare on the water. _ These lights were mounted 

, approximetely 260 it. apart, as an integral ‘part of the ‘pipe 

were in a 3 300-volt series circuit with provision that in case 

one bulb became “dead”, the others would continue to burn. 

Completion. —The first ‘pile was: ‘driven « on J anuary 2, 1928, and the « com- 
aj 


plete Gob was: turned 0 over to the | owners on November 17, 1928. The quip- 


dredges, a1 and pile-drivers of various sizes. ati There were employed “during a 


petiod of maximum activity more than 1000 men on the whole work. alt 5 
_ This project, costing about $6 000 000 was financed by Paine- Webber og 


of Mass. The J. E. Greiner Company, of Baltimore, Md., = 


nd _deep- water piers; Virginia ‘Bridge ‘Roanoke, 
ruc ural bridge work. ; and ] Roberts Paving Company, Salisbury, Md., com 
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__PAPERS AND DISCUSSIONS 


COMMITTEE OF THE IRRIGATION DIVISION ON 

NATIONAL RECLAMATION POLICY” 


obit: ‘Messrs. _Surra, R. K. Tirrany, aNd Davip Werks. tte 


 G. E. P. SmituH,t M.. Am . Soc. C. E —Any discussion of a National reclama- 


tion policy must involve the question o! of F the legal basis of Federal activity 


of Reclamation function? | On what basis does Congress authorize an occa- 4 


ori 
a4 sional new project? Is it by virtue of National sovereignty ; is ‘it by suffer 


Jand reclamation. This is fundamental. On what basis does the U. S. Buren 


ance the States; or is it through contract or understanding between ‘the 


sovereign Federal Government and the sovereign 
Fundamentally, ‘this Federal activity rests on an ephemeral and insecure 
irrigation projects in the United States have been so. ‘mon u- 


mental in character, so ‘spectacular, and so widely heralded, that many ‘people 


(perhaps a majority « of them) now ie it for granted that land ‘reclamation oy 
+f 


was written or imp rs delegated to the United States in 
the Constitution. On the contrary, all matters of such character were retained hs 


under control of the individual States. is by urgent invitation of the people 
§ 
sa —virtually by invitation of a » State—tha t the Federal Government ‘ ‘enters the ‘e My: 


picture” and executes a project its that of the Salt, River V alley, and it is 


the bonus: or subsidy that makes the Federal. aid acceptable. Without the 


subsidy the States, or the ‘districts, with few exceptions, Gould eabeate: thei 


F 'ederal Government has limited powers. Because the States 


that they had delegated ‘power too generously, the first tan ts 
to the Constitution were adopted | at an early date to check the newly created 


1 


monster” 63 In all ages people ave had occasion to fear the unt of govern- 
‘ments. A stirring address by Lincoln 


ee Discussion of the report of the Committee of the Irrigation Division on A National p 
eclamation Policy, continued from October, 1929, Proceedings. 


Prof. of Irrig. Eng., Univ. of ‘Arizona, Tucson, Ariz, 


ah 

Light 
stp 

the 

4 
rved 

ing 
7 
2 
con- 

is 

pits 

— 

“go 
— 

we 

i 
Bs 
£% 


"SMITH ON NATIONAL RECLAMATION POLICY 


has served to ‘emphasize the ever-p “present pos ssibility of mal- ministration 


; either for political | purposes or for private g gain. 7 The larger the unit of gov 
ernment is, the more difficult it becomes for the people to retain control of it, 
and there i is s increasing evidence that the e United § States Government has reached 


the safe limit. President Coolidge has stated that “unless bureaucracy is con- 


stantly ‘resisted, ‘it breaks down. representative government 

“The greatest need at Washington is to decentralize the National Govern-_ 
ment and to pass back into the hands of the people the responsibilities | which | 


fee. authority for the Reclamation Act of 1902 is found in Section 3 of . 


Article IV of the Constitution, giving Congress the power to ‘dispose of 
make all needful Tules and regulations respecting the territory and other 
ta property y of the United States. " This, however, i is a proprietary 1 right and : not ~~ 
sovereign power, and has been so stated, emphatically, by th the Supreme Court 

aa ge Section 8 of the Reclamation Act provides that the Secretary « of the Interior, a 
in | administering the Act, shall proceed in accordance with the laws of the 
ah States. If this provision had x not been included, it would still be true that ‘the 
Fe could be administered’ only, with the consent of the States. ‘Therefore, ¢ at 


cretary of the Interior, or the Bureau | 
ade the State for. an appropriation of 
ae. in the same manner as an individual or a eepewenem. a 
y> 


_ The speaker is aware that many people, notably certain people of Southern | 

x California, would like to have the situation ‘reversed, and some have come to 
bk believe that Federal sovereignty includes control of irrigation water supplies 


and of water power; but, doubt, “the wish has been the father to. 


thought”. A very few attorneys, who have been reared in ‘the atmosphere of 


_ Federal bureaus and whose vision, therefore, is limited, have devised a theory 
of law by which they claim Federal ownership of Western waters. Those 
gentlemen arrived eighty years too late. - Perhaps in 1850. the. Supreme Court 


given” consideration to “their theory, “but, 


sions, the Court would give it scant attention. ‘In a few cases in 
which the contention has been advanced, the Court has charitably ignored it. 


The general control over the waters of the State is a sovereign power aa . 
are limited to 


of navigation. As owner r and proprietor of lands that are irrigable 
from ‘stredms, the Federal ‘Government has the usual circumscribed rights to 


4 


‘ ser worst thing, therefore, that could have happened to thie Imperial Valley ] 
ig. was for the Swing- -J ohnson Bill to become ¢ a law as written. In that. bill, Con- 
gress ‘attempts: (a) To allocate a a portion of the waters of the Colorado River 


‘States; ; (db) to restrict the effective appropriation of water in the 
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States to about 80% of the water supply; to 450 000 firm 
& hp. of Arizona’ s potential 1 water power over the protest of the State, the benefits 


sulting therefrom to go to other ‘States; and to build a project of 


dimensions, 88% of the cost can be justified only a as a power 


19, The has failed in its inability. to develop, and agree 
a a logical, just eclution of the whole problem while there w: was 
task belonged rightfully” to the State « engineers of the seven ‘States, 
b evolve a plan of development that would be just and advantageous: to all the | 


States. The case will be precipitated into the Courts” and may drag along 


) . through many years (as in other ohield of water litigation) and in the end the | 


__ Imperial Valley should not be asked to wait twenty years for a remonsble 
‘degree of of flood protection, nor to wait at all for an additional water supply for 


late ‘summer, which adtnittedly is its greatest need. Both these desirable 


results could be brought to fruition thee years, if ‘politicians and city 
boosters could be eliminated and well-established engineering principles could 
be brought to bear. silt ‘problem is’ a ‘minor issue and will be solved 


Inasmuch as the pre proposition has been here advanced to differentiate between 
Y intadbtate’and intrastate rivers, it becomes pertinent to examine the legal possi- 


bilities of this proposal. It i is advanced as an idealistic solution. One prac- 


: ‘tical effect would be to give California control over its water supplies, while 


- the control of all water esources—main | streams and the smallest tributaries— 


of in States such | as ‘Idaho, Montana, Colorado, New Mexico, ‘and Arizona, would 


be surrendered to the Federal Government. Presumably, this would have to be 


accomplished by an amendment to the Federal Constitution. 


_ About 1916 the ‘Committee of the J udiciary of ‘the United ‘States Senate — 


iq was, s directed 1 to report on the rights of ‘the Federal Government relative to 


Water power of streams within the respective States, and the was 


‘The. majority r report. was written | 


"expected to Jean, as. far as possible ‘The report 
> was even more pronounced in the declaration of State enteel of streams, 
50 In effect, this report states that, as regards water power and irrigation, a 


can be no differentiation between interstate streams and intrastate streams, 
d in all matters other than those of navigation, the ultimate authority and 3S 


a  comtaed over waters rests in the State. The status of the Federal ae 
3 owner of vavutting lands is not different from that of other ow owners. | add : 
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in yh river, not for purposes navigation, ‘the 
creation of a water power, is merely a license or permit, the effect of which is 
that if the dam is constructed and operated conformably to plans approved by 

os the Government, it will not be deemed an obstruction or impediment to navi- 

- gation. And in such case the Government would be authorized to charge a 
nominal license fee for inspecting and passing ‘upon the plans and for Pees wl 
_ over the work to see that it conforms to the plans and is properly maintained ; 

i but the regulative power of the Government would not extend to the use of the 

_ water for other purposes than navigation and interstate commerce. In such a 
nes case it seems to us that the Federal Government has no water power to sell or 
oa charge compensation for, for it is only authorized by the Constitution to regu: 


late interstate and foreign. commerce, w which i this case navigation.” 


_ Concerning non- -navigable : streams, the report contains the statement* 


“The leasing « of the water- -power r site as a part of the 1 riparian lands of i 

o Federal Government does not in and of itself confer the right to create a water 


most it merely confers the common-law right of usufruct 


in the water. If any other or further use of the water in the stream is required, 
the right to such use must be obtained from State authority, and, —e 
it is difficult to see how water power can be established in such cotee without 


x The report of the Sub- Committee is oN on a the text of the Constitution — 


‘“pussyfooting” ; the; report is very conclusive. It. be 
ee ever, that in States in which riparian | rights do not and never have existed, <a 


Be ” ase for the F ederal Government i is even weaker than that stated. docmesnl — am 


a object of the foregoing - discussion is to ‘emphasize two. facts: First, a 
gardless of what any individual thinks, the National policy relative to” 


re naan should be, that the States, an and not _ the Federal Government, have a 


Bn een powers over the control and utilization of streams in matters affecting | 


a 


irrigation, Water power, and domestic use, and in all” matters s except those 


relating to navigation ; and, second, that it is not ‘desirable to change the 


“nf 


+e however, it is deemed advisable and expedient that the Committee ¢ on A 


National Reclamation Poliey ‘should recommend an ‘amendment to the Con- 

stitution delegating greater authority to the National Government with 

respect control and utilization of the water supplies of the country, it is well 

consider some of the obstacles that will be encountered. tage 

First, consider the Pittman Resolution,* adopted by “Conference of 
4 Governors and Commissioners of the Colorado Basin States at Denver, Colo., 


29, 1927. 1 It isa carefully prepared, succinct ‘statement and ‘declara- 


tion of State sovereignty over water supplies. This resolution was s developed 
i to final form by the legal representatives of the Basin States’ and was signed 


na by representatives, of six States, the seventh, California, asking to be excused 


the Committee cause a “right- -about -face” the fundamental attitude 


the Western States” as expressed i in that resolution? Will those States. be 


cae impressed by arguments relating to greater efficiency of eontrol emanating fr from 


eas * Hearings before Committee on Irrigation and Reclamation, U. S. Senate, 70th Cong., 
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gwivel- 000 ating be ‘remarked that every 
R _ principle enunciated in in the Pittman’ resolution is violated i in the Swing-Johnson 
It is ‘not in the West only that the ‘Committee ¥ will obstacles. New 
= rk State has engaged the Federal Power Commission in a death struggle ove er 
= ite control of water power of navigable streams (one of which is international), _ ae 
and» the F ederal Power Commission has gradually receded from 1 its early 
assumption of jurisdiction. New Y ork capitulate when its battle is just 
won? The State of Maine not only exercises eontrol over its water ‘resources, 
law has held ‘Southern also a are e locked in in a 
struggle with the Federal Government over control of water ‘power. Will they 
listen to an appeal from the Society to surrender their authority to to the Federal me 


s nationalization of the ‘a 
in any degree whatsoever, it will ‘succeed merely in invoking 

It is said sometimes ‘that. public necessity creates law this i is 
- the ‘growth i in power | and ‘influence of the Interstate Commerce Commission 


alternative method of settling ‘conflicts i in interests by interstate ‘compacts. 
Necessity cannot rightfully, be urged as the argument for National control ar 


3 aut If the Federal Government can say that a dam s shall be built here and that 


x a there shall be n no dam there, it involves the decision that one valley | shall be 


"granted, rights of appropriation and another shall not; in other words, the — a 
a 


States would lose control over appropriation of 6 


It is probable that ‘the ‘compact method should be. encouraged, at least. in 
many cases. However, one of the most highly respected engineers, an authority 
on water law and a Californian, stated recently | his | misgivings « over the i injec- 

ion of the compact plan. Several excellent compacts have been negotiated, 


notably those betweer n the States of Colorado and Nebraska and Colorado and 


Kansas; the latter, however, i is not yet ratified. The Colorado River Compact 


was a “dud” because it was negotiated i in arest haste, for Congress in its 
bel, decreed that the Commission should expire at the end of the 
year, and because, although some of “the seven States had made elaborate ae 


2 studies of their future needs for water, others had made no studies and had 
no basis on which to negotiate. Colorado ‘River Compact could now be 


amended or rewritten so as to be acceptable to > all seven States, ‘if ‘the com- 
‘mission could be re- e-established. President Hoover has. suggested* that the 

_ Gila River System should be exempt from obligation to to furnish water to 


supply the quantity tc to. be ‘allocated to Mexico by treaty. This ‘amendme 


Ww ould be welcomed by the State of Arizona, if the other States should frnatinas it. 


Te eee Conference at Grand Canyon, Ariz., summer of 1928. 
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irrigation, and it is for Federal activity 4 

i be restricted in a large measure to regulation, to a less extent, to irrigation, 

and least of all, to power. mi _ Applying this to the Colorado River, t the "Federal 
Government should build ‘storage for about | 6000 000 ‘acre-ft. capacity ‘on the 
_ head- waters. The expenditures required would be less than $20 000 000, « and 
_ thereafter r Federal aid would not be necessary for the combined irrigation and 


power projects which would inevitably follow at other points the river. 


‘The Gila River is being brought under control by “many dams, built and 


Projected, and long records of stream flow prove that no other tributary 


: 4 between the mouth of the Green and the Gila Rivers is a menace to the lands 


Is it desirable to force rapid extension of ‘reclamation? There are ‘two: 
istinct points: of prevalent with x respect ‘to this question. For 


venience of reference e they may be called the conservative and the promoter 


4 


conservative viewpoint may be described as follows. If social and 

f economic | conditions warrant additional agricultural produetion, then men 
trained to. the soil, who are ambitious to develop and own a farm, will appear 
voluntarily, or they can be found. These m men, by early rising and sustained 
- industry, by thrift and careful management, will transform a . sagebrush desert 
into fruitful fields, as their fathers have done before them. This has been the 


rule in Arizona. The only deviation from the rule that the speaker recalls, 
the building of many small homes on one 


settlement. witty agricultural pros-_ 


‘prosperous, there is a strong demand for farms. 

In 1919, a a project in Southern Arizone, with about 300 land units, was settled 

0 rapidly—by trained farmers—that ‘the land was literally taken ‘away from 
promoter. At the outset the price was $150 per acre for raw land 
m water, but when men stood i in a long line waiting impatiently for their turn 
— to be shown over the tracts, the price was raised to $250, with a cash payment 

~~ of $75 per acre. As might be expected under the circumstances, the promoter 


his water supply over- -sold the project. Yo 
starts with the fact that poten- 


the ‘construction period, and the 
= near-by cities and v iNlages. “Manl n less lan pe and “andless: must tbe 


it must be iiust be erected, fences: 
built, the la: nd graded and prepared for eropping, and s some live stock must 


There i is a danger that, if much paternalistic effort is made’ for the settler, 


will sit on the doorstep that this, 


~ the weeds and bugs. Furtl \ermore, sucha benefi 
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welt oil abi insist that he forego a a new shiny automobile or a summer ‘ 


A 
in order to ‘pay ‘annual charges for operation. and ‘maintenance. 


The psychological effect upon the settler the ‘two. ‘cases entirely 
different. a In one case, he ‘realizes that his’ success depends upon his own 
initiative, his. industry, and good management; in the: ‘other case, he ‘starts 


with a feeling of dependency and is likely to adopt: a “Micawber”. attitude. Ry 


a9 Paternalism i in Government i is based on an of a -fatherly 


wis 


relation, involving supervision of business and social concerns, on the 
that ‘the people are incapable of managing their | own ‘affairs. Iti is ill- adapted — 


to the virile Anglo-Saxon race. Why ‘should the Federal Government build 


‘ homes for farmers any more than for laborers where some éther new industry 


There i is. little doubt that big, costly projects have been developed too fas 


in the past , 25 years. If a 10- -year holiday should be declared in reclama- 
it is doubtful whether ‘settlement would catch up with th e supply 
good land now available with irrigation water ‘supply. If farming 


Eee a mode of living and land values were low, there would | be some — 
‘reason for arguing a “back- to- ‘the- land” ‘movement, in “order to. ‘reduce the 


open air and the freedom of country life. Irrigation farming, under projects 
involving $80 to $160 per acre for water supply, i is, however, ; a business propo- 
sition of the first rank and should be assured of - rapid settlement and of 


success from an economic standpoint | before ‘commitments are ‘made. 

‘Inadequate settlement has caused: more failures of irrigation ‘projects: than 


5 


» In the case of large, ‘difficult projects, Governmental aid is necessary ‘and — i 


‘justifiable, and the present form of this aid—the waiving of interest—should _ 
be called by “its tr true name, which i subsidy. ‘Iti is an important advantage to 
the country as a | whole to have a successful agricultural project developed and aa 


on its feet. if it is not ‘successful, the advantage disappears ; ‘becomes 


what extent is the subsidy justifiable? Surely the Federal Government 


‘should not create. farms and deliver them gratuitously to limited few 
_ The question of what percentage of the cost should be borne by the re: 


Government is too often neglected. its should be recognized that the major 
advantage goes to the farmer, the next in order to the community, the next to 
the State, and the last. to the Nation. Why not adopt the plan used i in 
financing elimination of grade crossings, by which the ‘railroad, the State, 
and the city” divide” ‘the cost. Ifa State is appreciative of the value of a 
new development and ‘desires it ‘earnestly, it should participate the sub- 

B sidy, instead of buying it from Congress through ‘the demoralizing political 

method of trading votes. Many of the Federal projects have been, and 


being, secured by purely ‘ ‘pork- barrel” methods. — It may be advanced that: 


ste 


the State is too poor ; this i is not true. Na If the State i is unwilling to match the pe 
Federal aid, ‘it is evidence ‘that the Project is. s unsound a nd not to 


November, 1929.] _ sm1TH ON A NATIONAL RECLAMATION POLICY 
— 
— 
1€ 
— 
4 
jhe 
4 — 
ds 
n- 
ed — 
en 
— 
ar ose who love the | 
restion Of population and to increase the percentage oi th 
— 
rt 
ls, § i 
at 
as. 
4 
a 
nt 
ter 
| 
vth 
be 
no 
ces 
ler, 
is 
his 


_ Recently authorized lamation have been 


oe ) that the period of repayment may extend over 80 years. _ The present worth 


of a promise to pay $2 per year for 80 years is $39. Owing” to the long 


interest~ -free ‘interval. before ‘repayments begin, t the face value of the paper 
Eo contract 1 is even. -less than $39. The farmer, therefore, is asked to pay less 


Pid than one-fourth of the construction ‘cost. Surely no one will claim that it is 

worth $121 or $140 per acre to the Nation as a whole to have that tract 

irrigated. it may be some future time when the food supply is inadequate 


and when other areas are e fully occupied not at present. It will be | 
interesting, also, to see ee whether the land owners find ‘some adroit way of 
‘There has been considerable protest, especially i in the Middle W est, against 


reentage of the | gross to average | per 


Lal - There is much more justification for protest | by older, half-settled projects, = 
especially those promoted without Governmental subsidy, because the new 
projects compete actively { for the limited number | of competent potential | 


artificial Governmental stimulation of agriculture through extension of area. 


* ‘The U. S. Bureau of Reclamation h has ‘made an enviable record for the 
character of its works, which heave been designed judiciously, with a view aq 


appearance, safety, adequacy, a nd, i in ‘particular, permanency. Compara- 
tively few engineering mistakes have been made. The 


which the relatively ‘poor f “foundations ‘the Elephant Butte Dam 
and protected reflects great credit. ‘upon engineers of the Bur 


nd the admirable esprit: de corps infused in- the organization by ‘its 


F., H. M. Am. Soe. E., is a model for all time. 


aaa reclamation policy takes on new interest since President Hoover has 
proposed certain radical changes in the handling of Federal reclamation and 
in the’ closely allied subject of public lands i in the Western | States. 


ee wv The following suggestions ; may help further to clarify some of the ideas — 


EES. —What is the fundamental basis of Federal 4 id for reclamation? Is it 


rt wo make habitable and productive for the public benefit areas of land that | 
would otherwise be permanently desert waste? The Federal ‘Government has 


taken up no projects that could be developed by 


dliey OF encouraging g agricultural "Recognizing the errors 


oceasional economic w vaste involved, who will deny the tremendous value to 
the whole ‘Nation of the Homestead and Desert Land Laws, the W 


t Superv. of Hydraulics, Olympia, ‘Washh bis 
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ug! n w largely in ‘private owner- 


a public burden. They cannot be developed by private 


enterprise, n nor, in most cases, by the States. 
ig The whole country needs the timber, mineral, wool, and other essentially 


estern products, and ‘the growing commerce of the Pacific. To grow and 
a prosper, the West must have, i in due. time, the } production of its irrigated lands. 


‘The entire | Nation will benefit from a policy that, under an orderly and 
economic plan, will make these lands available. ak: 


4—The reference’ to “interest” in Conclusion. (1)* of the report ‘should be 


 nidecinie to refer only to the period after the settler is upon the land, bearing ee S 
in mind that the settler is doing a public service 1 in ‘developing | the land, if . 
\ 


there is a real economic need for its products. 


5.—The Committee has outlined a National reclemation policy. may te 


-helpfal in considering this question to have a tentative for the 


immediate future. ‘The writer suggests the following: 

Tentative Five-Year National Reclamation Program.— 

‘hate A) ‘Concentrate on study of “means and methods to bring existing projects 

and turn them over to local management as rapidly — 


successful conclusion, 


404 


a Reconsider the so- -called “T ear Program of Construction”. Make 
4 a market survey of each district or project, covering local, National, and State e 


BF 


markets for the probable production of each project and modify the 


- struetion program as to bring | in new land only when and where it appears that. ae a 


f ‘its products | can be absorbed at prices profitable to the farmers. Pea 


to tk the build- 
These r reservoirs 


d controlling works should remain under F ederal ‘control and should not 


an 


under perhaps: ‘similar to “Federal. Land Bank 

niz 10n. 


Davin ‘Weexs,t 


a basis for the scope of the activities of the Federal 


Government for the benefit of a larger number of American people throughout ie 


the entire United States. It is also to be commended because it provides 


for the apportionment of costs on a more rational basis than has heretofore — 


The Committee proposes: (1) Public control of water conservation 


stream regulation ; (2). allocation of costs among benefited interests, includ- 


ing ‘the State and Federal Government; (3) disposal of water and power at 


wholesale; (4) regulation of ‘interstate streams under interstate compacts 


(5) construction at the present time for stream regulation and to provide 


_ * Proceedings, Am. Soc. C. E., September, 1928, Papers and Discussions, p. 2098. 
+ Prof., Coll . of Agriculture, | Div. of Agricultural Economics, Univ. of callfora, 


Received ‘by the ‘Secretary, September 16, 
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water. supplies for ex 


thorough as to feasibility prior to 


a board of composed of, engineers, 


interest land owners s for costs assessed didi farm lands; (8) of 


‘land ‘speculation ; (9). the relinquishment of control of completed works 

to suitably organized local agencies. & mock. od’ 


ge It is fitting that ‘such a board of engineers s should confine its findings | to 


ma engineering matters. . This it has done with the exception of casual recognition 
of the agricultural situation 1 and its relation to reclamation and. a brief refer- 


ence to the important problem of agricultural development. 
Federal Reclamation and the Agricultural. Surplus. Federal reclamation 
‘Projects have provided for. rural population of nearly 150 000, and 


; 


a Growing ‘urban yh “eh been. made possible in in different parts of the arid 
_ West where industries vital ‘to the development « of other natural resources have 


been established. - In these Western cities are large numbers of workmen whose 


families by the agriculture of Federal reclamation supplemented 


the products of range, forest, and ‘mine. Automobiles, farm machinery, 


furniture, and other commodities are brought into these thriving « communities — 


year from Eastern factories. growing “Western demand for Eastern 


_ products gives ‘employment to. those. seeking refuge from the depressed rural 


areas and increases the purchasing power for farm commodities in Eastern. 
urban’ centers. The taxable wealth of the Nation undoubtedly has been in-— 


the Eastern economist has asked, “What has’ ‘been ‘the cost" 
of these benefits and Federal reclam nation has been called upon to account 
fo its share in the agricultural surplus. Those interested i in the development 


f the Western States believe that Eastern economists have been unmindful of a: 


ise ae real problems of irrigation development, and have diverted their. energies 


some of the more important “Gssues “confronting “Western agriculture. 

‘Instead of expressing a a desire to | help to make irrigation a success, t eir one — 


_ ebetiv has been to prove that reclamation is a failure and that it contributes — 
to. the agricultural surplus. it not been for a group of Western 


-thusiasts who had ‘desires equally as strong to establish a set of opposing 
facts, the statements concerning reclamation contained in the numerous lists © 


Bs of remedies | for the agricultural situation, might have been taken as final. 


. oe the advocates of Federal reclamation have been a little too zealous in. their 
s determination: to win their case, , they have at least —, that there are two 


pee: -butTei 1927, less than 0.85% of the gross value of all crops in the United ‘in 
on Federal irrigation projects. Although small in comparison 


ote with the total value of all crops, commodities produced in these projects were 
of vital importance to the States in which they were raised. EgitDiretasiog. 4 oO 


Boni Arguments have been written, to ) the effect that although small in amount, 
‘production on Federal - projects: has an important ‘depressing: effect on 


prices arguments are based upon the economic concept. of inelasticity 
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t WEEKS on A NATIONAL 1 RECLAMATION POLICY 

aa Suiilondi This is simply a technical 1 way y of saying that a enithta ncreast 
in production | causes a large reduction in price. The limits of this discussion 
will not permit an elaboration of the - many commodities produced on ele 
: reclamation projects. . It might be well to consider the effect of Federal reclama- 

tion o on the price of potatoes. ih a similar analysis of this” \Commodity: the, 

e error was made of considering the effect of supply on price w: without giving: oS 
recognition to the effect of price on supply. Considers 
growth i in demand was also omitted. 


| imi 


St 


PoTATO. PRICES IN THE UNITED ‘STATES. 


The production | of potatoes in the United States in 1928 has ‘Sims esti 


“by the s. Department. of Agriculture at ie 943 000 bushels. Since this 
’ production was” more t han 50 


depressed. This excess ‘above: normal was ‘caused by conditions: 
at favorable to crop growth and to an increased acreage following the exceptionally . 
good prices in 1925 and 1926. The activity of the Federal Bureau of Reclama- ie 

tion cannot justly be charged with these mal- adjustments inherent in the 
“potato industry. The normal production of potatoes in the United States has = 
increased since 1910 at the rate of about 3 500 000 bushels per year. 4 -Fluctua-_ : 


tions above and below: the 1 normal trend have been. apcompanied by opposite 

aaa in the price per bushel. (See Fig. 3. t) The normal increase in 7 
production on Federal reclamation projects has been about 500 000 bushels per 
<a See Millard, Peck, “Reclamation Projects and Their Relation to Agricultural Depres-_ R 

n: Farm Relief,” Annals, The Am. Academy of Political and Social Science, Vol. — 142 


Year Book, of Agriculture, 1928, p. 806, Table 202 (1929). 
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per capita production of potatoes | in the 


42 States detironadel from 3.8 bushels in 1910 to 3.6 in 1920 and 3.4 in 1928. “The 
_ trend of the purchasing power of potatoes has been upward for ‘many years. 


= difficulties of the potato indystry are caused by violent ‘fluctuations in 


production and prices not by an. increase in the total normal s1 
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Fic. 4.—PotTato PRODUCTION ON FEDERAL RECLAMATION PROJECTS. 


‘The Net Effec t of Federal the Potato Industry. 
that Federal reclamation had no effect upon | the potato industry would be as 


— 


“erroneous : as to. say it depressed | prices 4 4 cts. p per Ib. Local cases eould probably 


. be found in which a shipment from some Reclamation Project might have upset 
ne some local market. The most important effect, involving a larger number c of 
‘ producers, would be that a certain acreage of land which, with the growth of 


the potato industry, would have been ‘used for growing potatoes, has | necess 


Without following out the intricate -adjust- q 


ents which might result from ‘such alternate use of land, the net result 


“might logically be the substitution of a comparatively small acreage which 

is “producing potatoes in Reclamation Projects for a ‘somewhat ay area of 

"stump land i in the East or West which « otherwise might have be 


producing potatoes or some other crop. 


J 


4 


—— 
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production in. Fedora had 


would have, set about reducing pi 


of Federal projects. The ‘result, over a ae of years, would have been = 


normal production and the price but slightly different from | what would have 
“existed without Federal reclamation. ok, af oi 


- superimposed upon the production of the ‘country asa 


"reclamation has been only. about. 76 000 and of potatoes the average acreage 


+ ed year has been less. than 2300. Even the addition of this pnas 
_ if not offset by. demand, would be followed by adjustments a 


in production if the effect upon price was such as to warrant it. In the mean- 
time, however, ‘there has been ‘some increase i in demand. Indeed. ann nual 
in production from other causes probably have. so far overshadowed 


the effect of irrigated potatoes that statistical analysis would fail to find it. es 
a ais It has been . argued t that more than two- thirds of the crops grown on irrigated — 


can be and are grown generally throughout ‘the United States. This is 

not ‘the same as saying” that all this comes into competition with Eastern 


producers. Much of the hay and forage included in the crops referred to 


produces whole milk and supplements ‘the range and feeds that otherwise could 


; not be fully utilized. The remainder, if it finds its Ww ay into Eastern markets | 
in one form or another, either supplements ¢ other sources of supply by ‘filling i in we 


x seasonal deficiencies and reduces imports, or fills a demand for a special variety 


; ‘4 The ‘situation i is somewhat ¢ different i in n California where perennials are the ian 


= 


responds to decreased demand result from the years required for a tree crop 
 & vineyard to come into full bearing. _ Distress resulting from over-production = 
ie of individual « crops because of the market and. production characteristics of 
_ these industries should not necessarily be charged to reclamation. It is, how- 4 

ever, one of the ‘difficulties which reclamation development faces and no doubt 
"reclamation i in certain local areas has forced land into the production of crops” 


A Reclamation Create New Life and New W ealth 


‘tion to ‘market. demand and which 


omission in the arguments against reclamation is the failure to’ recognize 

‘ganic growth of Western communities made possible by irrigation develop- 

ment. many arguments concerning the extent to whi he reclamation 
creates its demand have been founded for the most part on 


ay 


of on ‘imports and ‘exports. There are the ntal 
questions of population growth and ‘distribution, standard of living and 


psychic returns fr from rural life which have an important but immeasurable 
a effect upon n net benefits. ‘Tt has been argued that the shipments into a reclama- 
ion Project 1 not represent the of a new. demand for facto 


espect to potatoes, economic forces = ff 
roduction in succeeding years. This would 
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purchasers would have bought many of the same had 


othe The counter argument has been that of statistics on taxable wealth, tp is 

“ments of: ‘commodities | in and out of reclamation | Projects, and numbers of 


cotmmunitics in the West. ‘one ‘ins tried. tom the 


ae reclamation creates new life and new wealth i in  contradistinction to the transfer 


of population and wealth from one ‘region to another. od ead 


The answers to these questions are important because upon them rests the = 
answer ‘to Government activity, in -reclamation—how far the Government is 


ustified in giving - financial assistance for the construction of works and in the 


Economic Questions Confronting Reclamation —The real question con- 
—_ g irrigation development during the next few years is not one of ‘its 
beet: upon Eastern agriculture, but whether, in the face of existing agricultural 


conditions, an irrigation project can gain sufficient momentum to come into 


with, construction costs still high and with incomes from many 


agricultural enterprises still lagging. Urbanization of population taking» 


place at a rate which is increasing year. the percentage of ‘rural 
ee population is ‘declining i is only a symptom m of ‘two important facts in relation 
ts to reclamation. — In the first place, it ‘indicates that cities are offering better 


for the masses than the farms and, ‘in the second place, it 


* indication of important changes in methods of agricultural production. 


Agricultural production is becoming industrialized. Capital is replacing — 


nan power. . How: fast and in what form this tendency will take place in the 
future is not known but it is becoming increasingly difficult i to create a 


- under irrigation. ona par with those already established. ‘Until more 
ae vation machinery is set up for financing modern agricultural development — 


- a project after it is brought into existence, it is doubtful whether new 
reclamation, especially under present conditions, is possible. 


Inasmuch as such financing of agriculture has: ‘not met with | favor and q 
because the possibility. of doing 80 has not been successfully demonstrated in 

the ‘United States, it may be logically concluded that reclamation of new 


oe areas at the present time is likely 1 to result in the loss of a large part of the ] 
funds: invested. policy of curtailment is, therefore, wise. ‘Two 

= important observations should be made, however. Curtailment of -reclama- 


tion, except in certain local areas, as a solution | of the agricultural surplus 


@ 


"problem is of minor ‘significance. In fact, on the basis of nowledge now 


on available, it is safe to state that the promotion of reclamation is just as 
- likely to help the agricultural situation as to impair | it. This question, how- ¥ 
ever, is is in need of more intensive study. greater significance than its 


effect upon the agricultural surplus” is the reclamation. policy,’ “which should 
evolve from a desire to help reclamation to success x than to bend every 
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The. plan proposed by the Committee, wnlens supplemented by | a ade- 
gate. consideration of agricultural development, thus perpetuates the one- 


sidedness of reclamation. — Irrigation works have usually been readily financed. 
_ The plan of the Committee will make it still easier to bring large irrigation 


“works into existence. A lag of agricultural development behind invigation 


construction is one of ‘the chronic ills of reclamation. It is not. peculiar - to 
periods. of depression. represents of the most important, costs. The 


lag. between irrigation construction and agricultural development. will be 


increased if a supplementary plan is not worked out, which will make possible 


the e synchronization | of and irrigation 


“works, it will be necessary to build projects. more in accordance with 
tural 1 needs and. then to bring them promptly into production. If the Federal 


Government “engages in reclamation, specializing the ‘construction. of 


storage works, agricultural development should be ‘the 4 ‘concern” of | the 
Federal Government at least to the extent that contracts with States, for the 3 


6 


follows with the further assertion that, inequs 
aie “Land settlement including paternalistic, ‘financial; or any other kind of 


assistance to the individual farmer should be treated as a local matter and 
_ should therefore be made the concern of the State or locality rather than of 
4 the United States. Aid extended by Federal Land Banks sn been generally 


- helpful and the possibility of further extension of such aid by this or ‘similar — 


agencies is worthy of serious consideration.” 
: se ‘Recent experiments in land settlement and rural. development i in California 


_ have met with unfortunate circumstances, which have been g given various inter- 
= pretations by : the public, No attempt has yet been made to give proper weight 


to the different elements which have caused the difficulties. general con- 


case would that the California. experiments were overtaken by the 


same ‘agricultural | depression which has kept | Congress busy | since ° about 1920, 


prices and pessimism. "There were many other elements in the situation, 
however, some of which might rightfully be charged to fundamental. weaknesses i 


in the, -original plan, others which were injected into the p lan: by ambitious 5 


legislators and patie: officials, ‘and still others arising from a the newness of 


aa “In the case of reclamation projects, it. should be ‘recognized that settlement _ 


; oft the land i is fully as imperative to success as construction. ” This statement* 


that construction was carried out at high costs during a siexied i of optimism wer : 
and repayment and settlement took place. under conditions of low agricultural XG 


“a 
— 
— 
th 
— 
y _ avoided the diiicult agricultural and economic problems of land developmen a ee 
g under irrigation, It is because they are ‘difficult and not well understood a _ 
he sa they are not encineeringe nrohlems th thay eave not heen given 
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i Pr en No at attempt has yet been made to profit by this experience — 
and to perfect the plan or even to make an. entirely: 1 new plan. : 
his attitude toward land settlement i is in part caused by the recognition — a i 
Na that there is plenty. of ‘ ‘dynamite” in any y plan of land settlement and in part : 
h 


to the attitude of the public toward agricu ultural expansion. Both these reasons © 


have prevented the further ‘development of land settlement ‘methods a and they 
1ccount for the attitude of this Engineering Committee in proposing to have 
- its monumental structures built as far as possible away from this “dynamite”. : 


Those + who have. fearlessly recognized the importance of this aspect of reclam- 


‘(ee to the extent that they have thrown their entire lives into it, have been — 


criticized by a public and an Engineering ‘Profession which have ‘not been 


educated to the importance of irrigation development i in the West and which 


a have not understood the real need and purpose of working out a ‘technique of © 
agricultural development. 


_ Needed Institutions for Agricultural Development.— 
experiments and inadequately supported efforts on the part of the of 
Reclamation, | no attempt has been made to devise some form of 3 institution 
ca for local improvement and government which will g give to rural areas the same 
advantages municipal governments have in constructing and financing 
"development much broader in scope that the mere construction of irrigation _ 
oe wo: ks. When such an institution is created, it ‘must meet the rigid require 


wor en suc 


‘There Must Be Provision for Financing Modern Farm Development.— 
-eredit agencies shun new agricultural areas. is because they 
have no assurance of having principal with interest repaid. to > them. Their 


experience is that. defaults have been numerous. — The settler has not had the 4 


_ opportunity either to demonstrate his own ability or the productivity on his — 


farm. The hazard, therefore, is great. When ‘commercial firms decline to 


oe loans on the basis of 50% of a conservative appraisal, how can an insti- 


tution be set up for extending even more> 
having i t returned? One answer to this “question is, “Don’ t ‘do! it | 


q 
is, “Reduce the hazard by selecting the | ‘settler, - classify the land, © 
-Tequiz re on a basis that will make it possible for a man of 
and give him all the advice and direction 


m”. The firs st leaves the 
nsolved. ‘The second suffers the criticism of being paternalistic. 


The Plan Shall Not Be Paternalistic—_W ebster defines paternalism as the: 


ae ~ “Principles or practices of a Government that undertakes to supply needs 


bs or regulate conduct of the governed in matters affecting them as individuals 
(7 as wel! as in their relations to the State : and to each other on the assumption : . 


that it can best determine and secure their 


is” that the liberal of credit and the giving of 


and direction in _ the early stages of improvement is paternalistic to 


4 
degree that settlers acquire the: of Jeaning on the ‘Government in 


m matters i in which they themselves 
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November, 1928. ON A ‘NATION AL RECLAMATION POLICY 


economic tendencies 
has caused infeasible reclamation ‘projects to come existence 
obtained alms for the unhappy settlers who were induced to locate therein. ae 
State | Federal Government agencies charged the execution of 
- 
as it is s possible t to make them. pitas 79) 
oid Cost of Reclamation and Agricultural Detilegment’ Should Be Apportioned 
Among Those Receiving Both General and Special Benefits. — —If benefits to the 
‘Nation as a whole could be determined ‘accurately and if, when determined, 
political machinery and the Courts would permit assessment of the Federal 
Government for ‘those benefits actually enjoyed by the American people a 
large, the question of a policy of subsidizing reclamation would be a ‘simple 
one, complicated, however, by” questions regarding the proprietorship 
Western oil and mineral resources. _ Benefits will probably continue to be 
determined inaccurately. Courts will adhere to precedent in regard to ‘assess- 
ments for general benefits. Political machinery will probably continue to 
arbitrary i in the formulation of public policy. Ownership of the resources of ¥ ae 
the Public Domain will continue to be the subject of fiery debates in Congress. ie 
Subsidy, under such circumstances, cannot be granted on a basis commen- 
-gurate with public benefit. “Moreover, even with subsidy, many y of the ills of 
reclamation would ‘remain unsolved. Dams could be constructed a ant —irri- 
gation canals built at no cost whatever the settler, and there would still 


be difficulties to overcome, greater than any those surmounted by y the 
2 engineers the construction of su dams. The question, therefore, 


to be determined i in the formulation of a National reclamation policy. rar etre 
tly A Suggested Plan of Procedure. —The first step to decide is whether recl - 


mation in the Western States i is conducive to sufficient public benefit tc to war 
tant an n attitude of support rather than ‘antagonism on the Dest of the Federal: 


va that it is. wise. constructive policy to do w 


difficult question at ‘once arises as to what. crops can best be grown 


q - the various lands, now within projects, which are lying idle or are pro- 


% ducing ‘crops: that cannot pay the costs levied against them. In this connection 


the rate of "assessment , availability of settlers, their probable qualifications 
and capital, types of farm organization, size of farm, methods of. ‘produc- . 


: _ tion, and total capital requirements | must be considered, in addition to physical 


affecting crop adaptation and e economic factors of Prices ar id 


- whole alternative is to make the financing of farm 

ment safe enough to attract ‘private capital. Before this can be Waa 


my 


4 

4 

a 

| a 

q = 

the problem which is still unsolved must be faced. Where is the capital 

¥ coming from? Should it be supplied by the Government? The last question om aa 

has been answered b ular acclamation with a decisive, “No!”. Whether 


WEEKS oN A NATIONAL RECLAMATION POLICY 


xperiment and demonstration will be necessary. If it is unwise for 
Federal Government. to engage in supplying credit for agricultural develop- : 
ment as a regular practice, at least it would seem permissible for it to develop 
from ten to twenty farms: on a purely experimental basis. | This has long 
been recognized as being within. the proper scope _ of Governmental activity. 
| These | experiments | should be carried on without limitations as to the total 


‘amount of capital to be applied to any one farm, as has eon Halong a the 
3 


What is ‘needed is more information regarding what that limit should be. ; 
Instead of cutting the farm to a size to fit the settler’s pocketbook, the size 


: should be determined by experiment at the optimum. Of course, ten or 


farms would not answer. all the questions: which are. still 


2 to agriculture under irrigation throughout the West. Part of this. 
Soe ation would be returned through the repayments on the farms. rr © part must 
he « charged to experiment. _ The first experiment should be free from the diffi- } 


culties of community organ nization. Later, Ww with the knowledge gained, a 
ie special study could be made mi the advantages and disadvantages of group 


Bureaus ¢ of Reclamation ‘Agricultural Economies, ‘the research and “experi 
are ment should be. directed by an economist selected by the joint action of both 
oa Bureaus. It should be the duty of this economist not only to develop technique 
of farm development under i irrigation and determine capital requirements, 
but. to suggest the type of administrative organization and financing program : 


ery, possible the of reclamation projects. 
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“THE SEWAGE DISPOSAL WORKS 


res {. Am. Soo. C. E., a AND D. Harriewp,§ Assoc. 
M. Am. Soo. (by Totten). pre- aeration 1 unit of the treatment plan 


at Decatur, Il. , went into operation on December 30, 192%, and a discussion of 


ee the records during the first months of 1928 is a fitting closure to ‘the ‘paper. er. is 
é The weighted operating data i in Tables 19, 20, and 21 and in Fig. 14 show the 


_ efficiencies obtained by each 1 step in the e process, and the chemical content of the | “ 
a effluent. In Table 19 the population equivalent i is the etn of the 5- day bio- = 


chemical oxygen and the sewage flow, multiplied by 0.17" The 


of the U U. 8. Public Health Service and others. On af few occasions 


reasonably correct. to Dooatur. The removals in 


Tables 19, 20, and. 21, represent the total up to, and including, the treatment 
indicated in the column under consideration, ‘that is, the indicated efficiency 


under sprinkling filters includes ‘ha the Imhoff tanks plus the pre- 

aeration tanks plus the sprinkling filters. The percentage removal in each 
‘case is computed starting with the total population equivalent received at the 

treatment plant and not that actually carried through the processes. ‘Thus, 

‘ing the firs red the resultant 


* Discussion of the paper by Samuel A. Greeley, M. Am. ‘Soc. C. E., and Wi 

‘Hatfield, Assoc. M. Am, Soc. C. E., continued from February, 1929, Proceedings. 

(Pearse, Greeley & Hansen), Chicago, Il. pasty 

§ Supt., Sewage Disposal Plant, Decatur, 
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ERCENTAGE REDUCTION IN A 
Bro-CHEMICAL OXYGEN DEMAND. 


ical oxygen | mixed Imhoff By pre- |?Y sprink 
demand, in} sewage.| effluent | tanks. | aeration. ie ‘filters. r 4 
parts per to river.* ,. 
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“a 


F 30° 5 
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This includes all sewage overflowed and by-passed. = = 


TABLE 20. —Orerarion Errictenctes Basep ON SusPENDED Marron. 


“million. __| Imhoff tanks. | Pre-aeration. a 


Dollars 


Ax 


- Cost of Power in 


4 


50. 
170 
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TABLE 21. OF THE } FROM 


Month. in matter,in parts| and nitrites, oxygen, in parts methylene blue, 
per month. in Parts per million. percentage. 


ath. 
5-60 
$7. 0. 
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ovember 1929. .] GREELEY AND HATFIELD ON SEWAGE DISPOSAL WORK . 
a The population equivalents of the sewage received at the plant from J anuary 


through April show a gradual decrease in § ‘Starch Plant waste, due to more : 
operation of the old process of manufacture. On April 28, the new 


waste recovery system went into operation. U pt to ‘this time, the pre-a -aeration ; 


"plant (150 000 population equivalent capacity) was overloaded and was treating ces 


a part the sewage. This accounts for the lower efficiencies of the p pre 


attributed to ‘numerous factors, including lower temperatures, greater losses 


z from the “Starch V Works, and especially the fact that one- -third of the pre- aer 
3 tion plant was used for sludge re- -aeration. The re- -aeration of return sludge a 


varied from 9 to 18 hours and is still being studied. = 


“November and ‘December a -aeration. efficiency. may be 


‘ower i 


. 


of Pi 


Jan Feb. Mar. Apr. May “June ~ July “Aug. Sept Oct Nov. Dee. 
obe thing | 14. —Cost or POWER FOR THE ‘YEAR 1928. gin, 


The reduced sprinkling filter in } November was due the heavier 


oading because of ‘stronger sewage and lower s-aeration efficiency, while 
that in December was due to the fact that the filters were operated only 20 days 


‘ because of high river stages. ~The actual efficiency of the filters during the 20 — ae 
a days of operation was 91%, while the over-all weighted Perea 


Summary —Experience. 


to date Teads the e writers: toe expect: th 

bcconeniatcd at the . Decatur Treatment Plant 


tanks remove from 20 to 25% of the bio-chemical oxygen ‘demand; pre- 
aeration raises this percentage removal to f _— 45 to 50; and (c) the sprinkling 


final effluent will average 60 p 


matter, 6.01 to 12. 0 parts per million of x 0. parts million 
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WATER SUPPLY OF 4 DESERT REGION» 


E. M. An. Soc. © E. 


have been by Mr. ‘East oni the conservation and transportation 


of water for cultivation and ‘stock-1 ‘raising in n the State of Victoria, Australia. pe, 

These are particularly interesting because more than one- the superficial 


would appear from Mr. East’s: diseussion§ that even the arid section 
‘Victoria. (the | Mallee Area) ha s far more rainfall than 


Northern Chile (three as much as in the nitrate pampa of 
Atacama Desert). Evaporation is considerably less, ranging from one- 
half to one- -third as great. Considering the scarcity of water, it follows that 


the Syl irrigation projects” in | Northern Chile would be 


would be: not less than $100 per acre developed—about one 


‘region self-supporting are being widely discussed. The Chilean Government, 
in particular, has been seriously contemplating the fact that less than — 


copper industries loonted in Atacama Desert, for making 


Discussion of the paper by E. Rudolph, M. Am. Soc. C. EB. 


Received by the Secretary, October 


cussions, p. 1038 


Loe. cit. ‘1041. 
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per, “Reclaiming the Chilean News- Record, September a 
1929 9, p. 44 
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of the country’s area is productive, and according to recent news note” it 
has allocated more than £4000 000 for irrigation projects. One half ine sum g 
said to be intended for the construction of dams and canals to make 
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Gos is ‘aot! responsible for any statement or opinion ‘expressed 
STUDIES OF SHEAR | 


of By P. WILHELM WwW Assoc. M. Am. 


Witnetm Wern ER,t Assoc. M. Am. Soc. C. E. (by letter).{—The writer 
- believes that vertical stirrups, although useful from certain practical points of 
view, should not be relied upon to resist shear. Under normal conditions, pure — 

_ shear can generally be cared for easily by the concrete alone. — ‘If the renee 


tension in reinforced concrete cannot be taken by 1 ‘the concrete, ‘it should be 
writer would emphasize the importance, under certain conditions, 
- providing ‘ample reinforcement crossing the lines of support, of both diagonal E 
bars and lower horizontal steel. Actual beams often show nearly vertical cracks 


the lines of A really dangerous condition may then occur, espe- 


whereas stirrups are quite ineffective under ‘such loadin 


engineers can produce a concrete capable of taking considerable 
ka tensile stress, the raising of the stresses in the reinforcing steel 1 must involve © 


a greater risk of cracking. Therefore, although the raising of certain allowed 
stresses in reinforced concrete may be warranted. for structures in air, 
; it is doubtful whether i it would be wise to adopt a general i increase of the same e 


"stresses for structures in water. Oracks a] appearing in structures in air are 


unsightly, but need not “necessarily be a matter involving danger. the 
4 other hand, even small cracks occurring structures as are subjected 


water pressure from one side constitute source of serious s weakness. 


ng ; the allowable unit ‘stresses in a relation to the character of the structural ie 
element in » which the stresses occur so) - Compare, for example, a single beam | 


* Discussion of the paper by T. D. Mylrea, a. M. Am. Soe. C. E., 
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opposite edges. Assuming exactly com-— 


Port tates forces in both cases, ‘it seems reasonable (with a brittle material ff 


Tike concrete, which often shows a wide variation in strength) to adopt a ive | P 


unit working stress in the beam t han in the slab, as in the latter case th e- 
a batch of inferior quality would be distributed over a -compar- 

atively large width. principle, ‘of course , applies. not only to shearing 

stresses, but to any or stress combination induced. Although the writer 


is aware: that it is hardly practicable to. burden standard specifications with 


stipulations of this” nature, he thinks the point is worth 


design, as it involves an economic factor of importance. 


tioned by Professor Mylrea,* of for a bar in ‘proper wdation 


to the maximum size of the coarse aggregate used. This r relation has a special 

Bt bearing on the } nee of structures in water, as it may affect the durability 

_— of the conerete. A grid of heavy reinforcement must inevitably : act somewhat 

im. a screen, "retaining the larger stones. Thus, although | the concrete may 

have the | proper grading when erriving in the forms, a change i in the grading 

J es most likely occur during: the pouring, and that on both sides of the rein- 


forcing bars. ; Consequently, the concrete around the bars may be m more or less 


porous and pervious, and subjected to the deteriorating » and corrosive action 
of percolating water.} Aside from this, however, there seems to be no doubt 
a. that crushed stone up to 3 in. in size can be used, even f¢ for heavily reinforced ) 

concrete, without causing “pockets”. ct ¥ boon ed 

Professor Mylrea’ s suggestion} to use unusual bends for anchorage, 

although for the ‘present rather objectionable from a practical point of view, 

i may ‘prove sooner or later to be an economical success. al Every country is now 

‘igs developing a nucleus of highly skilled workmen : for - reinforced concrete. — . What 


is considered as complicated to- -day, may prove to be : a 2 comparatively simple ; 


Proceedings, Am. Soc. C. E., January, 1929, waa Discussions, p. 42,0 


as ily t “Corrosion of Concrete,’’ by John R. Baylis, Assoc, M. Am. Soc. C. E., emer 
Am. m. Soc. C. E., Vol, 


Proceedings, “Am. Soc. January, 1929, Papers and Discussions, pp. 36-40. 
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PROBLEMS | CONCERNI [NG ELASTIC STABILIT 


i Dr. Ina. J —Questions concerning the determination 
‘of buckling subjected to a somewhat complicated 
_ system of lateral or axial forces’ formerly have ‘seemed to be insolvable. In : a 
few cases | it was to calculate the under which the equilib- 


¢ 


4 owe terms. » many cases it was not possible ta, express” the solution or 
the integrals of the differential equation by means of known functions. ‘ “Many 
: problems of practical importance of this kind could be mentioned. ie aE 
AE oe fj one inquires 1 more closely, it will be found that i in such cases the engineer : 
is not greatly interested in the actual form of the function which solves his 
_ differential equation. — In other words, it is not so important for him to estab- 
lish the complete integral of the differential equation of his problem or to 
determine a special integral satisfying given boundary conditions. All he 
wishes" the the e critical load Which will produce 
determination of a a certain: parameter or constant which already enters 
into the differential With the ordinary methods this constant, or 


the ‘ ‘critical load”, cannot be determined until, the form of the solution has 


boundary. ‘conditions. This ‘requires, in most cases, the the ‘solution of a 


ie such cases the methods used by Professor | ‘Timoshenko§ have proved 


‘successful. As he has shown in a variety of. examples of practical 


Pro hy. Discussion of t the. 8. continued | from September, 1929, 


Research “Westinghouse Elec. & Mtg. Co., ‘East Pittsburgh, Pa. 
‘t Received by the Secretary, August 28,1929, 
Proceedings, Am. Soc. C. E., April, 1929, Papers and p. 855. 
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tance, it is not at all necessary to writ down ‘diff 
ecessary to | write the differ t “equation for 


deflection of the beam and to search for its integrals. "By using certain 


be expressions containing the potential energy y of. the sys em er rees 


stem of external forces 
and the the energy of elastie distortion, it is possible to calculate an approximate 


be - value 0 of the buckling load, without knowing the more e exact form of 1 the elastic 
4 
line of the distorted structural part. _ Instead of the differential equation and 


integration, an energy principle is used to express the condition of ‘sta- 
3 bility « of the equilibrium of the system. In the case of stable equilibrium of 
a an elastic system, the total sum of the potential energy of the external forces 


and of the elastic distortions must be an extreme value and a minimum. pe Tn 


_ other cases, as, for example, in a system which is under buckling load, this 


sum remains unchanged for certain small, special ‘ ‘variations” of the > form: 


the equilibrium of the elastic bar. Often this. “energy sum “can ‘treated 
Poe the cas case of the buckling of a system the same as if the system were in a a 

a _ condition of stable equilibrium, that is, by searching simply the form of 
a function | (the elastic | line) for which a certain definite integral (the expres- 


sion of ‘the energy sum) becomes an extreme value. ares 


Perhaps it not 5 yet. ‘been. noticed by engineers that, for. a given 
ferential: equation of problem, there exist an infinite number of such | 

» that is, of definite integrals that have extreme 

values. any of these definite integrals, the unknown function can be 

derived. Consider, for example, the e linear differential jal equation of of the | second © 


Se 


¥ 
i 


"4 


fut 


(8) 


a must be found so that aP= i 2.46740; but a -? can also be chosen so 

at it equal to “certain multiples of the quantity, . is well 


known, the elementary problem i is to determine the bacayns load, P, under which 


4 allowed to deflect lat erally, would lead to’ Equation (83), 


in which, P i is ‘the load; Ms the moment of inertia of ° the buckling pug , the 


modulus of elasticity; and 1, the length of the bar, 4 


The same problem, treated as one of calculus of variation, would require 


of the function, which the definite e integral, 


aly’ )*] dx, becomes an extreme value. This integral contains 
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Another possibility would “consist in fanction, 
(x), fro another as follows: that y is s replaced by 
some approxim function, =¢ (x), which contain some constants, 
ete. The of this function and the 


wine case, the approximation being closer as the pil of 4, or of the inkiqrsl, 


2d x, become smaller. A sum of (CAP never become negative 


he 


a and, the best approximation for » and we is obtained by determining 


the constants, Cys Coy Cg, ete., that enter into the value of » so as to make je 


integral a minimum. As seen from this, another requirement for the function, 


, and the parameter, a, would consist in determining them from the 


_ that the definite integral of the squares of the quantity, J, should become a sae 


Ay, an) da 


| 


third possibility would be as s follows: Equation if written, in atin 
form, +ay: =| 0, the equation of a simple harmonic ‘motion of 


s the distance traveled by the point.* — ¥ The | constant, a, contains the mass 


the restoring» force. Substitute te t t for ‘Equation (33) then, 


y= a cos t a3 but y can be determined also from another condition, 
“namely, that the integral, a 4 t, ‘should become 


Lig 


is used instead of ‘the 80 


If the y= =a 


the integral, y ¥14 t, or dx, should become 


a — extreme value, this Tends to the conclusion that «= 2.50. From the condition © 
— —a yy’ dx must an extreme value, it is found that 
seen from this, derived from the fi first condiion, a value of a 
Fix. found asa is only greater by 1. 3% than its exact value, a 


_ while the second condition would give a renter error of about 20 per cen 


‘these examples show, exists a a variety of equivalent expressions 
definite values of critical under 


a 


ation of y with respect to the vais, ag 
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| IN STRU 


buckling or— ing case the. frequencies of 
derived. Those definite integrals which contain 
yr the critical load with greater accuracy. 1 

perhaps be to discuss some of the equivalent expres- 
sions of the type mentioned herein, which could be. used for the purpose of 
determining the values of buckling loads. writer does not know how far 
- Finally, another example will illustrate the usefulness of the method given 
by Professor Timoshenko. | Consider a circular plate of radius, r = a, clamped 
along its circumference. and. exposed toa constant pressure, radially 

in the) plane of the plate. critical value of the pressure that will buckle 


the plate is given by solving the differential equation: at | 
r 1 = 0 


87) 


is or the slope, ¢$, of the deflected middle surface of sa plate. In In Equation (87), 


in . which, E is the elasticity; h, the thickness of the plate; vy, v, Pois 
=~ ratio; sande r, the radial co-ordinate. The solution is found by Bessel’s 


In Equation a is ‘the nition a the plate. The first positive root 


F di 1g defin ite int 1 SA 8 
or a correspond ing definite in egral dx, can be 
taken, which is now to be made an extreme value.. When y : =c (e* — 
Bi, this integral gives the first approximate value of the. arameter, a, = = 16; with 


By using a better approximation, y=¢, (@—2)V Na 
st ie. the result is a? ‘= A702. W hen compared with che exact value, A, 2 = 14.682, it 


ean be seen 1 that this is a very good ¢ approximation for the buckling load of the 
a 7 “9 Pie pautiod seems to have been established first by Bryan; see, also, A. Nadai, 
elastischen Platten, ” Springer, B Berlin, 1925, (249, 256,” 
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AND BY THE IMPERIAL Cc ANAL. 


. S. Howarp,+ Ese. (by lette r).{—This paper reference to the 
ntities of suspended matter found by ‘the ha Ss. Geological Survey i in Ww ater 


No. 596. ‘data i in that report were from analysis 


‘the dissolved d mineral 1 matter and are not satisfactory for making comparisons — 


of the loads of suspended matter carried at specific times of the. year. 


ie following summary is based on silt samples collected during the a 
ae years (1925- -1928), as described i in Water Supply Paper No. 636- -B which 
_ gives the complete data. $i Some of the data are from samples taken at the top, f has 
at the bottom, and an ‘ ‘average” ‘sample. 5 Some are from ‘ ‘average” — 
alone, which wer were obtained by opening a bottle near the bottom and drawing 


flee at such a rate that it was full on reaching the surface. i Some data. for 


one ne vertical. ‘Silt. samples were re collected at least three times a week at 
each station and more in times of high water. the 


of matter and ‘the ‘variations was” 


_ determinations of the suspended 1 matter in samples collected da i 


"lished in August, 1929, Proceedings, but. not presented at ‘any | meeting of the Society), is fs 
2 printed in Proceedings, in order that the views expressed may be brought before aod members 

t Assoc. Chemist, U. Geological Survey, ‘Washington, D. C. 


Received by the Secretary, Pub. by permis ion of th 
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1925, to September 30, 000 
October 1, 1926, to September 30, 000 000 

etober 1, 1927, to September 80, 1928 


results in Table 14 indicate that: the suspended carried past the 


ar Grand Canyon Station in the period, 1925 to 1927, 9 was greater than the ane 
aht load carried past the Topock Station; but in the period, 1927- 1928, the load at 
4 ae. Topock was greater - The differences in 1 the loads may be explained by assum-— 

Re): ing that : some of the material is deposited between t the t two stations and, later, 


% under certain conditions, is scoured out, and carried | down the river. . Since 


material is transported along the bottom of the river by stream traction, it 


‘seems possible that some of. the material carried past the Grand Canyon 
Station as lend is carried the Station as bed load. 


Ls 


January, 1926. Bae ition by 0. 5 


April, 1937 

April, 1928 


TABLE 16. OF Suspenpep Marrer ‘BY THE 


based on “quantitie 


it 88 300 ‘Rol, 70 0 000" 
March 1, 1926, to September 30, 1926.......... 971000 QL 
October 1, 1926, to February 28, 1927 98 100 000 
March 1, 1927, to September 30, 1927.. 1-490 000 
October 1, 1927, to February 29, 1928.. 
March 1, 1928, to September 30, 1928. os 
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No ember, SILT ‘TRANSPORTAT 


> Ceacen and Topock Stations during the year is shown in Tables 15 and 16. 4 
_ Table 15 gives the mean monthly percentage of suspended matter for J anuary, ae ot 
4 April, and June for each of the two stations. a Table 16 gives t the mean aad ace 
; load of suspended matter for certain a periods « of each year at each a = 
Munn 


ORADO i, “1925, AND SEPTEMBER 30, 1928. 


AND CANYON. 


Torock. 


Suspended 
matter, in 


matter, in me 


Date. 
8 720° 


a 4 Sept. 13, 1927 | 27 600 000 | 7.9 ‘Sept. 16, 1927 


collected at the Grand Stations and the d 


TABLE 18. —SusPENDED Marrer Carrie BY THE 


/OLORADO RIVER A 
Plann Granp Canyon at Dirrerent Staczs. 
— 


Discharge, in 
f 


Percentage. Tons per da 
> 
October 26, 1926 6600 
August 28, 1926 6200 
October 4, 1926 6 320 a 
December 12, 1927. 8 380° 
August 21, 1928 . 
October 9, 1926. 


_ October 12, 1926 


‘These data indicate that for the three-y -year perio 


d the extreme 
he largest and smallest) were carried past the Grand Canyon Station. ‘The 


smaller loads at Grand Canyon, shown in Tables 16 and 17 for ‘the period, : 


wey 


October to February, are perhaps due to lack of material to. be transported 
rather than to a deposition above the Grand Station. This, suggestio 


is based on the fact that for similar discharges" during that period, larger 
quantities are carried 


past the ‘Topock Station ‘than past the Grand Canyon 
‘Station. iit has been found that the range in the percentage 
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Society. is ‘not. responsible | for any ‘statement made or opinion expressed 


PLANNING OF CAPITAL CITIES 


DENVER, COL 


By Riowarp | R. . Lyman, 4 


R. M. Am. Soo. E. —This paper on the planning of 


enver, Colo., prompts the speaker to add his thoughts, especially with respect 4: 
ih ‘Salt Lake City, the streets: extend north and 


"The City Planning Divicen shou 


- similar to that which exists in Salt Lake City. For one who has been brought — os 3 


4 ‘up on . this system to be required to find his way ‘in a city y with streets 80 named Re; re 


that they do not indicate their location or their relation to one another, is an’ ae 
exasperating experience. People endure these conditions| without complaint 


chiefly because they are accustomed to. ‘them, and do not really ‘comprehend 

4 _ Beginning at the Temple Block, the streets in Salt ‘Lake City are numbered 


and named | as follows: First. South Street, Second South Street, Third South — 


Street, ete. ; First North Street, Second North Street, ‘Third North Street, 
| eee North Street, ete. ; ; Fi irst East: Street, Second East Street, Third East «ip. 


es Street, ete.; and, First West Street, ‘Second West Street, Third West Street, ete. aw 
The houses are numbered east and west from Main Street and north and 


south South Temple Street. ‘Thus, ‘there i is “no limit to the area over 


which a system of naming @ and streets and houses can be 


from place of beginning and 7.28 blocks Te Street. 


Discussion of the paper by 8S. R. DeBoer, Bsgq., 

(Lyman & | ‘Salt Lake City, ‘Utah, 


4 


— 

| | 
_ 
¥ 
| 

ors 
out Be al 
— 
the the street give at once the location of the house and 
stance from the southeast corner of the Temple Block—the initial point. 
| 
4 

= 


‘After exam ning ‘the maps | of ‘several American ms to th 
that ‘the streets can n be given numbers, and that the numbers ean run north 


and south and also east and west | from the two streets selected as the ‘initial 


‘LYMAN ON THE PL NNING OF CAPITAL © 


stre A stranger needs no “map 0 of ‘Salt Lake City. In a ‘few moments he- 
omn learn how to find his way to any address. 
_ Some have “objected to this method of numbering streets and houses on 


woe Is ne ot that the best method of putting aw ay a anything that is to 


co For purely business reasons it will | be to the credit and advantage of any 
= city to have its streets and houses so numbered that a any one in any city dl 
x = find easily the place he is seeking. - The speaker has examined the maps of 


numerots cities with the thought of ‘solving problem in this way and 


i 


dita woe val ene Ate jen remolfot a bis 


convinced that such numbering a -_comparativ ely simple 
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of hel ad sno aids 


By Messrs. Toomas Hoaa, Frank M. 7979 


to discuss Gibson's paper, no one of which 


‘and the fact ‘that almost every page of the paper. opens up avenues 


thought, | each of hich might DOES, than the 


the various power ‘developments at Niagara Falls direct one’s attention to the = ed 
time of the Various power plants. Referring to Table it it. will ‘be seen 

the Schoellkopf Plant was ‘commenced in 1852 and completed in 1924 

first. of these dates refers” to. the time at which the construction of the 


canal that supplied water to this. plant was begun, and the last to the noe 
= of Station No. 3-C i in this plant. ‘If one goes back to the historical sg 


notes. themselves, it will be seen that Station No. 1 v ‘built in the ‘period 
- from. 1901- to 1904, and gave service for 23 years. ig Station No. 2, built i in the 


to 26 years, Shae to the particular. unit being These 
“stations gave place to larger development, and have been abandoned and 


‘Three other plants, namely, Ni iagara Falls Power Stations Nos. la nd 
toa certain extent, the Toronto Power ‘Plant, are in t the ‘reserve: 
‘that 4 is , while they are ‘maintained i in such a state that they may give : service 


‘ae * This discussion (of the paper by Norman R. Gibson, M. Am. Soc. GC. E.,, presented at 
the ‘meeting of the Power Division at Buffalo, N. Y., July 19, 1928, and 

‘September, 1929, Proceedings), is printed. in Proceedings in order that the vi neta 
may be brought before all members for further discussion. 


+ Chf. Hydr. Engr., , Hydro-Eleetric Power | Comm. of Ontario, Toronto, On 
s and Discussions, p.. 1734. 
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but is more less asa load plant, 


and is shut down at night and frequently on Sundays’ and holidays. | These 


three plants have been in existence from 1 20 to 24 24 ears and have given way, ft 

a a certain extent, to plants that are more economical in the use of water. pe 
‘There i is a third group, comprising Station No. 3-A of the Schoellkopf Plant de 
and 1 the Ontario Power Plant, which have been operated for 28 years, or Ni 


_ more, and appear to have a great ma ny! more ye years of service before them. 
The remaining developments have | given 6 to 10 years of service, and are not 


are interest in considering the useful life « of a development, as they are per- 
fectly, modern and no appreciable changes have taken place since they were 


will be observed that certain plants have gone out of ‘service ata bout 
Ee _ the end of twenty- -five > years, and certain others have gone into reserve in 
. about the same time. . From this one might be led t twenty-fiv 
years is s about | the useful life of these developments. Its should be noted, how- 
ce ever, that the pioneer plants, which have been dismantled, have only disap- 
be peared i in part, as the cay canal used to supply them with water seventy-five years 
ae ago is ‘still in service—enlarged, it - is true, for r greater service—and 1 the ad- 
- vances i in demand for power made the space occupied by these pioneers of very 
An examination of the Ontario Power Conduit No. 1 in 1929 by an. inde- 
Co": pendent ‘Commission, led to a report that the life time of such | a conduit, in 
. contact with Niagara water, would probably be at least 40 or 50 years. — The 
a tail-race tunnels of the Toronto Plant and the Edward Dean Adams Plant 


= apparently in as condition to- day (1928) as when first put into 


eErie 


Elevation of Lak 


ua service, so that one may conclude from experience with the older plants that 
p 

ti 

w vater channels have a life time far in excess of the period during which 

any plant at Niagara Falls. has yet operated. - It seems reasona able to conclude, | 

therefore, that with proper maintenance, 30 to 50 years: of service may be 


power developments. For the plants, 50 years 
oun seems reasonable, because the entire development in each “case: is so ‘highly | 


‘efficient that: ‘obsolescence ‘can scarcely” be effective i in causing ‘the abandon- 


hol ‘Water Levels on Lake Erie—The speaker would like to submit: a record | of 


lke levels on Lake Erie during the storm of December 8, 1927. ts _ The ‘author 


~ refers* to the variation in level on the lake, due to certain “Witida | of high 
velocity and changes" in atmospheric pressure. On the date ‘named, a very 
bf strong west wind caused a considerable change i in the water level at Bul, 


the lake surface r from S71. 1 ft. at 3: 100 a. M., to 579.8 ft. at 9 A. 


points’ ‘along Lake on ‘the River during ‘time of: ‘this 


storm. yout ointe dows at yout oliulw at 


These curves indicate a lake surface elevation of 564. 5 at Toledo, Ohio, 


* at the west end of the lake, and, at the. same time, an “elevation: of t 679.8 at 


at the east end. of the lake. Intermediate ‘readings are. consistent 


= 


/any time, they are 1 
vive daily service wit 

d 
— 
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— 
— 


with these and show a fairly uniform variation in lake surface elevations from 
end to end. Fi ig. 14 gives . records of water levels at the various points on 


the Niagara River : from 12: :00 M., on December 7 to 12:00 M., on December 9, 
| 1927. it is scarcely “necessary “to comment. on t hese records; ‘the “speaker 
merely submits them extreme stages that may of interest to 


dealing with problems having | to do og 5 water levels on Lake Erie and the © 


wa ater. 
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+ Profile Oct. 14th, 1893 


EXTREME OSCILLATIONS ‘on ERIE DURING 


OcTOBER 14, 1893, AND DEcEMBER 8, 1927. 


Growth of Load.— —It ‘is an ‘interesting fact that the availability of ‘power a 
i large blocks creates its own market in many ¢ cases. The experience of the Ag 
Electric. ‘Power Commission of Ontario : at Ni iagara Falls. bears this 
hi hl out strikingly. The Commission commenced | operations in October, 1910, 

enly 
a load of a few thousand horse-power, having made a contract with the 
mortal: Ontario Power ‘Company for the ‘purchase of 100 000 h.p. Five years later, 
lord of 1915, the peak load | had reached 100 000 h. and rapid growth continued ed 
latithor thereafter, the Canadian load peak i in 1927 rising to 7 18 000 h. p. The Queens- by ; 
of’ high ton Development first delivered -commercia 

“aver and was fully” loaded by 1926, “when a peak of 525 000 h. p. was carried. 

Buffalo, tor 8 ould be kept j in ‘mind that this very great increase on the Queenston | 
erin Plant is not at the expense of the formerly existing plants at Niagara ~\ ae 

} because, during 1927, the Ontario Power Plant carried a peak of 182 000 h.p., 


the Toronto Plant, 141 000 hp, P-s and the Queenston Plant, 529 000 hp. ‘The 


ts that 
which 
nelude, 
may r be 
0 years 


‘fio. 


— 


various 


eapacity of the Niagara plants having, been reached, it has become necessary 


| to supply Western Ontario v with additional power from another ‘source, 
79.8 at this i is being brought in by a ‘transmission line from the Gatineau River, east 


nsistent of Ottawa, Ont., to Toronto, ‘Ont., a distance of 260 miles. ih was placed in 


operation 1028,, and ‘is 1929) “delivering 
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ane Fic. 14. —NtAGARA “Riven: WATER SURFACE ELEVATIONS AND WIND VELOCITINS Dunia 
OF DECEMBER 8, 1927. 
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in a for of power is of comment. t. 


"Some degree of success has been attained i in making contracts for interruptive = 


4 power, ‘the customer ‘in this: case accepting a supply of power which | may be 2 


"interrupted when the demands for firm contracts 1 require greater supplies — 


are available unless the interruptive block « can be cut off. 


policy of the “Hydro-E Electric Power Commission has ‘been, and is 


to make a 
community that can be reached: by transmission 
-‘The entire western peninsula Ontario > is advantageously placed with 


respect to the supply of power from Niagara. The availability of adequate 


supplies of power and the policy 1 that has made it readily available to con- 


sumers has resulted in the development of a market in which probably more 


energy per capita is used than in any similar ‘district con- 
“sumption per capita in the district served is 2.060 kw-hr. “per year. : 

About 15% of ‘the energy distributed in the Niagara System ued for 


re mestic service, a larger proportion than is usu 


systems. This. domestic consumption in the of Western Ontario equalled 

a In accordance with the extension policy Previously mentioned, electrical | 

rvice also been 120 rural power districts, 


In all, 


4 


757 


mbined 


deposits. 


In Table ‘author shows the per kilowatt t to be higher 


“that part of ‘Ontario supplied with Niagara ‘Power than in Western New 


“This j is a type of that i is more expensive per 
POM vr f 4 
Power than developments around ‘Niagara Falls. itself, because of the long 


channel neces ssary to convey water from the. Chippawa Pool to ‘the plant at 
Queenston. Furthermore, on “account of an imminent shortage of power, 

was necessary to proceed with the work on this development at the period of 


“high costs in 1918 to 1921. tp hojou uD. 


ire _In Western New York a larger proportion of t the power 
at or near the ‘point of production than is the case in Ontario. Thus, | ‘there 


re additional costs for transmission on the Canadian side, Furt ermore, 


_ the poli cy in Ontario has been to provide ample supplies of power to small con- 
-gumers and to rural districts, and distribution costs are thus also increased. x 


Proceedings, Am. Soc. C. E., September, 1929, Papers Discussions, 
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5.—CoMPanison, oF Power Ovrrur mw Ontario. AND: New Yorn. 


| Total kilowatt-hours | Customers 


in 1927. served, 


Hydro-Electric Power Commission of Ontario- 


Buffalo, Niagara and Eastern Power Corporation. . 


ew Pt 

‘but the by greater ‘part of the field in.each case. 
The transmission system in Ontario, carrying larger proportion of the Bt 
energy sold to a distance from the point of generatian,;:and a distribution 


system: to reach the much . larger number o: of customers served, _ account for a i el 
large part of “the in cost per kilowatt shown ‘the 


of, water, that “the officially. “recommended. date are 


40 000 cu. ft. per sec. around the Lower Rapids”. This recom- 


is contained in a J oint: Report of the International Waterways i 
Commission, dated March 3, 1908, which was prompted by a proposal to 
grant rights to divert ‘the lower rapids on the American side 
of the river. that time little intensive study had been made of the lower 
river, and any one _estimating the - reasonable ‘diversion ‘from that part had § a 
very little ‘information to” guide og considered mo more 
ower 
and then worked | u 

The rapids section of the river r ‘remained open or cleared itself 0 of ice quickly, ¢ 
BR periods when v very large quantities were running, indicating that this § § 


is ‘not the critical part of the channel. 
‘Tf water is diverted from the lower rapids - r development of power, it 
“will be returned imm mediately below the so would not adversely 


affect that part where ice jams have formed ; the whole. natural flow would 


still continue in ‘the long critical reach from the rapids to. Lake ntario. 


studies than could be made by ‘the International 


Waterways Commission when ‘the: 1908 report was presented, expressing the 


¥ 
§ 
4 


_ opinion quoted therefrom by 1 the author, indicate that a much larger diversion 


‘than 40 000 cu. ft. per sec. is reasonable. It has alws ays been the contention 
of Canadians ‘that ‘the diversion of 36 000 cu. ft. per sec., allowed in, ‘Canada 


_ under ‘the Boundary ‘Waters Treaty, is not limited as ‘to the ‘point ‘of return 


— te the river, the treaty being silent in that regard. The writer, therefore, can- kK, 
agree with the limit suggested by the author. 
oh —— 
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To the the author the following unit 


‘Plant; 87. 5%, ‘Ontario ‘Bowes Plant; and 91 ston Plat 


M. M. Aa. ‘Soo 


interesting historical as wel ation. ‘The ‘author 
traced, very clearly, successive steps in power development at Nie 


Ww which by y the e nd of the Nineteenth Century ha ad progressed to a a stage that 


fate J _ marked i it as one of the outstanding features of engineering achievement i in that — 


a system of ‘diagrams whic accompanies ‘the ‘paper, he ‘has the 


"progressive stages” ‘of development in ‘the various power plants that have been — 
- constructed at the Falls. _ Some of these plants are shown to | have been recon- 
structed or even entirely, replaced by more effective developmen 
0 He also has outlined ‘the: areas of the United States and Canada to whic 
- electric energy ‘generated | at the Falls has been ‘transmitted and the benefits 
_ which have been obtained, due to the reasonable | price of the power ‘thus made — 
available. These benefits are demonstrated by the great manufacturing 
industrial: developments which have been built up in this ‘territory. 
Pe tw was not until the advantages to be obtained by the use of this cheap powe * ee 


? led toa demand | for. a greater amount of it that dlarm began to be felt as to the 


tes 


a, injury which was being done, or which might be done to the scenic beauty 
of Niagara Falls because of diversion. As is usual cases of this kind, the 


‘remedies suggested were considerably 1 in excess of the danger. These remedies pies, 


“took the form in: the first 1 place of legislative acts, which had their bases in the 
fecling on the part « of the admirers of the scenic beauty of the Falls and the ih: 


| taken place that heen’ is not so much esis to ‘be feared from a fui her di = 


sion, accompanied by certain proposed or equalizing construction 
es the bed of the river, 


ae The more recent trend of events leads to the hope that something of the 
kind: may be attempted i in the near future and that in the process ‘of the under- eS 
taking’ a . greater diversion for ‘power purposes may be permitted while, at the 
time, permanently preserving the features of scenic beauty. 1D 


There are complications in accomplishing this, resulting from the fact that 


several Governmental parties” are concerned, namely, the United States, the 


~ Dominion « f Canada, the Province of Quebec, and ‘the: State of New York. H al 
: 
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a _ The problem as to a definite determination of proper balance between the 


economies to be generally effected by a larger diversion and the element. of 


‘scenic c beauty to be preserved is one of some difficulty, and because of what 
might t be termed a four- “party, governmental interest, anything 1 ‘that. may be 


accomplished i in this respect in the way of greater diversion takes time. This: 
accounts largely for the fact that up to the ‘present, limitations as t to. the 


the 

oe eae quantity of water to be diverted for power purposes have not been enlarged. ae 
75 $ 

|. The author suggests that ‘the first step should involve an additional dive or 


oe of 20 000 cu. ft. per sec. and that whatever part of it may be developed on 
the. American n side should be | on a head of 312 By He presents data to indicate 


PIAS 


that the amount of additional ‘diversion at least could safely. be made without 4 


the permanent beauty of the Falls or of the Gorge. It might even be 


beneficial in . withdrawing from the Canadian side of the river a part of the " 
flow which is causing the recession. at the apex of the Horseshoe Falls. This 
"seems a reasonable and sound suggestion. In the writer’s opinion it can safely 
: Re ( be. made, within the limitations as to ‘diversion which may b be arrived a at later, . 


c when some agreement has beén reached as to the character and extent of the 
_ proposed remedial works. This should permit of a diversion much in excess — 


of the present total of 56 000 cu. ft. per sec. etovily 


‘There has some question as to 0 diversions which ‘might be around 
the Lower Rapids. This has been under serious contemplation recently by 


bare 


some of the hydro- electric interests, that own ripar rian rights in this locality. ‘ 
‘Applications for licenses have been filed with the various Governmental author- 
ie looking toward such diversion. If the total diversion around the Falls. 
is Jim ited to the present amount, then the diversion around the Lower Ripids 


part of which would be utilized in an over-all aevbicpilent it ¢ didght 


ell be eantailas diversion around ‘the rapids and the whirlpool is not 
racticable. wi ai es od to bed art 


- Because of the qe of the paper, its excellence, and the fact that it is 


80 thoroughly’ consecutive and logical, it is difficult to raise any point of discus- 
‘sion in the way of disagreement with the conclusions reached. 


M. Am. Soc. C. E. —The speaker intends to confine 


remarks principally. to some amplification of Mr. Gibson’s historical, account’ 


‘g to discuss 1 the ‘remaining outstanding problem, namely, | the formulation of 
wise. and statesmanlike international as to further diversion 


ag 


of diversions water for power | purposes on east side of the Niagara 


River at and above Niagara, N. Y., does not, perhaps, lay sufficient stress” on 
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"intelligently i in the correct decision | of questions of public 
teat F For example, the National authority 0 over ver the ¢ diversion of. water for “Power — 


purposes at Niagara Falls is, to- day, accepted as a matter of. course by most 

people who have any occasion w hatever to think about it. Those who wonder 
whether, after all, “there any legal justification. for exercise of such 
i authority are few i in ‘number, ‘possibly because, among those | who are at all 
_ interested, it is believed that the Federal ‘Water Power Act has definitely 
g ‘settled the legal status in favor of National control. 
Since 1917 7 there has been a great, invasion of f the domain of authority 
formerly ‘supposed to be ia to the ‘States, but ‘seemingly this has been i in 

keeping with existing public opinion. At any there been | little, active 
objection on the part of the public. a. 
case was different before 1910 when the tendency to broad 
rm kh and, ‘sometimes, complete disregard of traditional limitations of con 
titutional authority, not exist. Accordingly, when. the Burton Act of 


Jun 1906, was passed, there was considerable doubt, in Congress and else- 
WwW 


8 
st 


here, as to” its constitutionality.— Tf it were to be considered constitutiona 3 


it must. derive its authority from the oft-invoked right, “to regulate commerce 
with | foreign nations states” i 


— ge 


the language of the Act, “* shall not injure or interfere with the 
navigable capacity of the river, its integrity or. proper volume as a boundary 


‘stream, or the scenic grandeur of Niagara Falls.” 


At that time, there was no evidence to support an assertion that the ‘power 


diversions had any effect on “the navigable capacity of the river’ and yet this” 


was the only consideration mentionad: i in the Act that would come within the 
grant of power and justify the restriction of power "diversions 


to 15 000 cu. ft. pee sec. imposed by the War Department under its, terms: 


three out of the major power diversions in the United States and 


sur 2 did affect the level of Lake Erie and th e depths in in the Niagara River betwee: 
Lake Erie and the points of di diversion, , the effect discernible att that time was” 


& small, the proof. of its existence perhaps. arguable, and the actual materia 


an Then, : as now, the power companies were citizens, 


decencies that should characterize the relations between citizens and their 
Government. Indeed, they went further and, in a matter certainly far removed 


ned 


from the National jurisdiction, showed a public: spirit: as enlightened as it 
gratifying. This refers to their voluntary. co- operation with | the Com- 


“mission created by: the Secretary of War in 1906, for the p purpose of remedying 


Section wa, Paragraph 3, of the Constitution of United States. 


— 
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this doubt as to jurisdiction, the two power companies : 

- F___ submitted to the restrictions of the Act and co-operated, with liberal good will, aa 
investigations inaugurated by the United States Lake Survey for the 
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unpleasant scenic conditions on the New York side. ertainly, such a matter 


ncerned, ‘not. the National | or the State, but merely the local, authoritie 


an id yet the two power companies not only accepted advice but originated sug 4 
gestions for improvement, and, without protest, paid the | expense of of these scenic — 
betterment. _ They certainly were pioneers in what i is now referred to as “public + 


Later, ooniiis the treaty proclaimed May 13, 1910, certain provisions of which 
have been mentioned by Mr. Gibson. Asticle of this treaty authorized 
diversions from above the Falls of not exceeding 20 000 eu. ft. per sec. in New 
ae State and 36 000 cu. ‘ft. per sec. within the Province of Ontario, Canada. 
— At that time the restrictions of the Burton Act on diversions in New York | 
State were in force and the two New York « companies were ‘permitted to divert, A 
between them, a a total of only 15 100 cu. ft. per sec. ss Notwithstanding repeated 
efforts by the power companies aithority’ to ‘increase their 
bee to the treaty limit, that is, to divert 4400 cu. ft. per sec. additional, the War ” 
Department held that the will of Congress: was § shown, by the treaty but 
_ by the terms of the Burton Act. | Even after that. Act expired in . 1913, the War 
- Department continued to enforce its limitations rather than those of the treaty. 
_ Meanwhile, the three Canadian companies were approaching closer and closer 2 
4 to the treaty limit of 36000 cu. ft. per see. laid down for Canada. At this _ 
aa day, in the perspective of the years that have passed, the speaker is unable a 
to see the wisdom of this unilateral policy of the War Department. 


The demands for production i in Canada created by the War 


_ time, war orders for the Allies had increased the power load on the New ‘York 
a ‘side to such an extent that the Buffalo General Electric Company, yond 

jj operating exclusively « on Niagara Falls power, decided to build a steam plant. — aa 

_ Pending the ‘eompletion of this plant, this company sought, and obtained from 


ed “from the into Western New York. ‘the 


‘the War Department, permission to increase temporarily the diversion made 
ad the Edward Dean Adams Station.* + An increase of 1500 cu. ft. , per sec., the 
Be equ ivalent of per aps 10 000 to 12 000 kw. of additional | power for the Buffalo 
marke arket, » Was allowed with the understanding that permission would cease 
with 1 the completion ¢ of the first unit of the steam plant. wot, dE “Sing 
Then the United States entered the war, and after that follow ed dee greatest , J 
‘industrial activity the country has ever known PE Then, too, came Teason e 
; ‘regret the failure of the United States to authorize the fullest possible use of | 
- Niagara water for power purposes permitted u nder the treaty. T he supply of 
water power at Niagara Falls, then about 275 000 hp., . if used exclusively for 


& he manufacture of electro-chemical produets essential for war purposes, would 


_ probably have been insufficient for war needs, but much of this p power was 
Py required for the commercial and domestic loads at Buffalo, N. Ky and at points 


between Buffalo and Niagara Falls. Obviously, it was ‘necessary to continue 


to supply ‘the normal electric ‘requirements for public domestic. 


4 
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to intervene and shortly steps were taken to requisition 

and to allocate the available } power supply in accordance with an orderly system 


two power companies at. Niagara Falls. submitted gracefully 


regulation of and interference with. their business and did their ‘utmost to. ; 


a 
= the war program of | the Government. Later, when the agents of be 


Secretary of War sought means to increase the power supply of this district, — ‘fe 


an attempt w was made to secure legislation authorizing the diversion of 4400 
| ft. per sec., , the unused portion | of the treaty water. Several months 
>. wasted i in this effort and, when it became evident ‘that legislation could not be 

; 1 had and that the supply of certain. strategic war materials, obtainable only, o 
“chiefly, at Niagara, would probably soon fall short, t the War Department finally 
ae adopted the « only available alternative and, reversing the policy of eight years’ 


: standing, decided to issue a revocable license for the utilization of the 4400 — 


‘per sec. remaining from the treaty allotment. At about the same time 


negotiations were begun, looking toward the. consolidation of the» two the 
power companies. Here, again, e effective .progress was dependent on 
FY the active co- operation of the two companies and their willingness to expend + 
many millions of dollars, at a time when m money was hard to get, on the faith — i 
a revocable permission, an authorization the permanence of which was at 
Teast speculative. is mere justice to those who controlled the two com- 
panies to state that they showed no disposition either to haggle or hesitate 


> 


_ and that, _ when their help seemed necessary t to the execution of aie _ 
comprehensive plan for obtaining a power supply adequate for the war pro- ai ' 


forecast by those in authority, they were prepared to do their share 
: romp and without ask asking the financial assistance of the Government. _ ee 
In short, it took war and war’s imperative needs to bring into ‘effective use 
for the benefit of the people of Western New York the full diversion of water 
: —— to be made under the 1910 treaty. _ This appears to be one of th 
| 


; .% od There may be some, however, who, basing. their doubt on the loss of beauty " 
; a landscape values, question whether increased diversion from above the Falls 


q 


a results i in a net gain to the entire public, and this leads to a brief consideration 


-.. the policy that, in the best interest of the entire public, ought to be observed - 
in the future. Mr. Gibson refers* to the proposals made by those who, in one 


capacity or another, have been in a position to offer counsel. These proposals, 
_ while differing among themselves, are consistent in that they assume ‘ 


: = of the Falls is of ‘prime importance and must be protected from dete- - 


rioration due to natural. causes: ‘and from diminution to works of Man 
The various proposals range over 


ag of. the. daily. the of energy for war pur- 
er exhausted, In the fall of 1917, the n 
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strained processes of Made it has ever from of Man; 
- that natural forces now visibly at work must be neutralized, or their ill este 
anew that it is not possible for the human eye or judgment to appraise 


the relative beauty and i impressiveness s of the Falls when their discharge varies 
th over a comparatively wide range, a decline of beauty i in one aspect being com- % 


by an enhancement elsewhere; ‘that, ‘most probably, ‘the great appeal 

PY ‘of the Falls is based u upon a general i impression rather than on appreciation of 

4 We. local details; and that, beyond a volume that satisfies the eye and ear of the | 


average visitor, further discharge i is neither desirable nor “useful. Those who 
take this middle attitude feel certain that the correct eventual policy will 


retardation or prevention of the ‘destruction of, the Falls, and, as 
an incident, will provide’ for such increase in power diversions as is called for 


this enhancement of the beauty of the Pallas!) 


The policy will ‘be based upon an orderly program of remedial work. such 
- s that for spreading the discharge over the Horseshoe F alls, : followed by -obser- 
vation of results due to varying the power diversions over the widest "_permis- ; 


: sible range and, in turn, by such further remedial and compensating work a 4 


may be indicated to assure "permanently satisfactory ‘scenic 


Niagara and unimpaired channel conditions at Buffalo and on Lake Erie when | 
“power diversions have been increased. Those who favor this policy of com- 


_bining remedial work and improvement of the Falls with the utmost nena 
consistent with ‘really significant scenic values are better and 


broader conservationists than the first- named class because | they” give thought 


this middle s of exist ‘as as to the 
permissible diversion from above the Falls, but all agree that it should be 
_ the maximum that can be ‘spared without doing appreciable harm to scenic 


‘values. In other words, they feel that ‘power values are almost as important 


as scenic considerations and that the prosperity and contentment of 5 000 000 
permanent residents presents, to the unbiased judgment a 
__-pieture, one that should be weighed in the scale with the casual i impressions . ze 
2 000 000 visitors who annually spend a few hours at the Falls. 


‘ete The speaker’s view is identical to that recommended in the report of t . 

Board of Engineers for Rivers and Harbors of 1920, ‘namely, that the total 
_ diversion may ultimately reach 100 000 or 110000 cu. ft. per sec. ib This is, of 
a course, 1 merely an opinion, but it is based on some familiarity with scenic condi- 


tions and with the in them during a period when the power diversions 


= 


‘increased from about 30 000 cu. ft. per see. to nearly 56 000. This report 


compensating and remedial measures, with ‘step by step increase 


in diversion and careful observation of the effects of the remedial works and of ie 
the progressive increases: in diversion. W ith these remedial measures, i 


thought that the maximum mentioned ‘would leave e the Fal 
oper beautiful than they had been within the memory of persons ‘now living. 


rie 


- Since: this report was made, conditions have change ed and the rate of diversion - 
ini now be varied over a a wide range. The effect of the remedial works ‘can 


a 


conditions, and judg- 
can be formed as to further operations. DA 580), 


‘ arts { 
further development of power should ‘Utilize the 
ead as far as can be done without detriment to the rapids below the. Falls. im 


f opinion is that the limit is a total diversion of about 40 000 


tee 


u. ft. er se bee. e. from these leaving 000 cu. ft. ‘per “sec. to 


“Falls may properly be to that extent. it should be said 


i. the course of the river below the Falls is such that the conduit for such ‘i 


an over-all development on the New ‘York s ide will be less than one-third the’ 
length of the head-r. “race channel of the Queenston Plant. it seems 


the greatest. economy could be attained by power any 


over- -all diversion i in a single plant on the New Y ork side. Oa ney DT, EE 


Nothing has been said about the of the s six 


-water- -power ¢ 


generated energy, and it considerably less costly when delivered on the 


to Man. It is subject to as little of interruption | as is 


mentt $ as to the economic value of this particular variety of water power ‘and 
the speaker feels that, despite the constant improvement in steam- driven 
iguana: the day will never come when Niagara « energy will be superseded. _ ee os 
- The case is otherwise with most of the now undeveloped water-power sites hee 
this country. Their development would either result it in 1 stream flow 


is more 30 per cent. It seems safe to state that m many 
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switchboard available for send-out. Mr. Gibson is conservative in his” state- 
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from the standpoint of mechanical, electric, and hydraulic engineering, cul- § §@ 

en  Minating in the large units of the Queenston Plant* and of Section 3-C of the ne -_ _ 

The water power of Niagara Falls is continuous and constitutes an abso- § 
od 

nt 
nt 
00 
—. | storage, which would usually be extremely expensive, or supporting steam 
capacity would be necessary. No great margin exists for further improvement 
dn efficiency of water-power equipment, with water-wheels now producing 94% 
“7 of the theoretical energy content of the water. On the other hand, steam equip , 
of 

tis 
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rg 


‘Power sites of the ‘character just mentioned will | pr obably x ne r r be developed, 


bd This makes it clear that, generally speaking, the 80- -called conservationists 
and: those who m 


ake » political capital out of undeveloped w water | power as being 
_ the one natural resource | still in the possession of the people and who preach 
a that it is desirable to ng, this resource : from 1 exploitation by, the private cap- 2 


ital a are _ wide of the mar 
policy under which these second- rate. sites 3 “may. be developed : at the 


— lowest possible cost and thereby | promote the conservation of ‘the coal supply 
of the nation. _ Obstructions a and difficulties placed in the way of the utiliza- 


tion of such sites are detrimental general public ‘interest and. have 


a al lready resulted in the abandonment of projects for developing many of them. 


Ketty,* M. Am. Soc. C. E—The author has. the subject 
at 80 completely t that ‘the writer finds nothing to add’ except emphasis to certain 


phases which merit elaboration. autores ot od 
Mr. . Gibson has treated, rather briefly but comprehensively, the. question of 


* the regulation of the Great Lakes System. — This has been. a controversial 


3 question for thir ty years. or more, and o1 one still hears , many divergent 0 opinions. 
ve a he speaker, a as a member of | the Joint Board of Engineers on tl the St. | Lawrence 
Project, was ‘called upon to give the subject, considerable study. one who 
will read ‘the principal reports that have been published, will probably agree 
that most of the divergence of opinion is due to consideration a 
very | far- -reaching problem. The fe following | 


—Fluetuation of lake levels can be reduced, b but. only to a Timited extent. 


can. high- water flow be increased without ‘serious 


9h eee Fluctuations in the flows of the Niagara and St. Lawrence Rivers wl 
be. reduced | only by i increasing the available storage | in the lakes, which means 


” fers —The high- water. level of the lakes cannot be raised | because of the very 


extensive flowage damages that would result. fe ai 


he surface of the Great Lakes: constitutes about one- third the 


drainage ‘area tributary to them. 3 their natural condition, therefore, they 
provide so high a degree of regulation. that under law of 


no profit, can be looked for from regulation. 
di theny 
cities is failure to consider the effect of regulation on all interests” 
that causes most of the disagreement. _ A few examples may illustrate some 
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available for regulating outflows, and, therefore, will produce greater fluctua- 
ton in the flows of the Niagara and St. Lawrence Rivers. 
— 
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@ If the fluctuations of Lakes Michigan, Huron, and Erie are reduced, 


"the fluctuations of the flow of the Niagara River will be increased to the detri-_ 
ment of power and | navigation interests on thi that river ; the fluctuations ‘Lake 


being will be inereased to ‘the of riparian n owners and of 


reach 

— “the detriment of f riparian owners and ‘navigation above Quebec, Que., a , and 

P power interests above Montreal, ~Ont., Canada. show that 


Le (b) Mr. Gibson  shows* that an attempt to regulate the flow of the Niagara 
River so as to keep the minimum flow from falling below 180 000 eu. ft. <i 
“sec., , which has been proposed as an aid to power development, would result _ 
in the production of about 2 000 000 000 kw-hr. per year, which is less | power» 
than can be obtained from the natural flow available 50% of the time. the 
low figure of 2.8 mills per kw-hr., this loss would capitalize at about $100 000 000 . 


Lampe: cost of steam power, ' which would eventually have to replace i 


the capitalized loss would be more than $200 000 000. | The Joint Board of * 
| Engineers on the St. Lawrence Project found that regulating the flow o of the 1s 
St. ‘Lawrence | to increase the minimum flow would have a similar effect, upon 


.. Many other examples « of the difficulties involved in regulation can be given, 
those whe: are not convinced by probably cannot be 3 


n 


laborious computations to determine the effects throughout Great 
Takes § System of all the practicable plans of ‘regulation that had been - pro-- 


posed. As a result, the Board found that: 


“The Lake Superior has been ‘satisfactory to the two 

for the reason that the fluctuations ‘introduced in discharge from that lake 
-are absorbed in the great reservoir formed by Lakes Huron and Michigan — > 

without greatly the of the latter or affecting the 

“The regulation of Lake Ontario, proposed as a of the 

provement of the St. Lawrence, affects only Lake Ontario. Its regulation ih 


will not affect, in any substantial manner, dive rgent National interests.” 


The regulation of the lakes, as a whole, is an entirely. different matter. 


the Board was unable to find ‘any economically feasible method of 
regulating the outlets of Lakes Michigan, Huron, and Erie, it did find it 


‘advisable to construct compensating works in the ‘Niagara and St. Clair 
ts on 


tivers to counteract ‘the effect « of all “diversions | and outlet enlargements < on 
many levels of Lakes Michigan, 
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SUMMARY RY AND CONCLUSIONS STUDIES 


Messe. Rosert E. . Horton, Lynn Davis a AND Tuexox M. 


een much discus- 
sion of “lake, ‘regulation and of relative merits: of regulation 
4 


mpensation. ‘These are ‘matters on which ‘there is n now, and i is 

to continue to be, a “diversity of o opinion. The present, time is opportune 
for a fu further discussion of this ‘subject. _ Lake levels have recently | rise 


to a smacked degree due to natural put in opera- 
4 
ae and would cause ‘Tess inconvenience on the lower lakes Pe 
were initiated at a 


regulation, sind’ these results may be attained unaccompanied 

serious: detrimental conditions. following discussion is intended mainly 

= outline the salient features | of the problem — and | to illustrate a manner | in 
which beneficial results: can de attained through regulation. 


—Aside from transient variations 
evel an 


from variations in ‘the net “water supply. ' The 


net 
supply”, : is hetein used i in relation to Lakes Michigan and Huron to designate 4 
| eee from m the tributary land area, including outflow from Lake Superior, 


ifn: 
_ and yield « of water s surfaces of the lakes, less diversions. The net water supply 


& 
is, therefore, the w water that ‘ultimately - passes through the connecting channels ~ 


* This discussion (ot the paper by George B. atid. M. Am. Soc. C. E., prebented at 
a: the meeting of the Waterways Division, Buffalo, N. Y., July 19, 1929, and published in 
Ne 


1929, Proceedings), is printed in Proceedings in order the Waws expresead 
ay be brought before all members for further: discussion. , 
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The major of lake levels, are: (a) An annual cycle; and 


long cyclical variati ns, not ‘recurring i in n definite but commonly 


the U. 8. Lake ‘Survey from 1860. available data for Lakes Michigan 


Huron during the period, 1836 to 1859, have also ‘been plotted on 


i scale. In F ig. 7 the diagram was. completed by stretching or or - compressing the 
curve for annual veycle of as to pass it 


While this extension gives no more for the r missing 
periods, it passes through all the plotted points, has: nearly the n normal form 

e in years 0 of | normal range, and each year is consistent t with the preceding and 

following. years. high. water of 1838 above mean sea level (adjusted 

levels of 1903), for the Great Lakes hab da as follows: Lake Superior, 605. 32 ft; 


&§ Lake Michigan, ! 584. 69 ft.; Lake Huron, 584. 69 ft.; Lake e Erie, 575.1 11 ft; 


and Lake Ontario, 248. 98 ft. Fig. is interesting, because it 
a. shows the character of lake-level £ fluctuations in a period when natural condi- 


bf 


the surrounding region was still sparsely. developed. 


ons ‘pertained, b before any important channel. improvements were made, and q 


kn 1852, ‘the level ‘of Lake Huron w was s almost a as high a: as at any subsequent date. 


of 1838 orobably is not 9 aoh h 
_ Evaporation from the Great Lakes appears: to » be relatively. more 


an rainfall. Since variation in rainfall. is the principal cause of natural 
variation in lake levels over long periods, it is interesting to note that the 


irregular ‘periodic character _long- cycle variations in lake levels 


similar to. that for rainfall, as shown by the longest available records. 


; ail It is evident, therefore, that, unless there i is a permanent. change in rainfall, 
lake levels will tend to fluctuate in the future much as they have in the past, — 
and the important conclusion may immediately be drawn that, aside from 


C permanent changes due to. artificial causes, the levels of the lakes, if left to 


hemselves, will ultimately return, from ‘their present (1928) low stages, to nor- 


— oTts may be noted that i in the Eighties (see Fig. 8), Lake Michigan ee 
a maximum stage of 583. ft.,. or more, for four successive years, and | durin 


_ three of these years the lake remained above Elevation 583 for three or four. 


of fluctuation are shown prion: to 1860, similar in character: to 


hee The mean stage of Lakes Michigan and Huron in the maximum month | 


of of the to 579, while the Laci 


summer of 1929. | 


(written in 1928), confirmed upper lake Stages of = 


& 
— 
— 
— 
— 
— 
— : 
— 
| 
aA 
ichtie 
— 
— 
E 


‘HORTON REGULATION OF NIAGARA | 


¥ 


43 


1: 


3143 


= 


vie 


NONR 


-HORTO 


| 


NR 


o 
— 
= 
(=) 


‘HORTON: 


trait 
tet 


3 


rail 


toy 


r 


4 


TOTS 


ai 


‘ite 


02 61. 


OL 968I Woud SALVIS 
= 


10 O06T 66, 86, 


90. $0. 


OL 6. 80 20, 


= 


91. 


2 
a Vans 


PIV 


inits ts 


Sarit 


_ | 


3284 U! Ua; eAOge 


3s SF 
Ww 
“eH 


a 
~ 


« 


YOIYSdNS 


J 


Oud SALVLg daLIN 


vs 


TOT ¥ 


9 


As 


raf 


fire 


alll 


|| Se: 
Heth > pts 7 1s — 
| 
Oy 
| +3 cos 


e recent period. Similar relations hold for mean and 
stages. “Special attention is ealled to this matter because of its” 
application to regulation and to the encroachment of ‘structures on the 
; Tae | margins. . It appears certain that structures adjoining the lakes, placed 
low elevations in the belief that. lake stages would remain substan- 
tially as at present, are bound to suffer s serious consequences. 
course, lake “stages: approaching those of the late Fifties or Eighties 
may not be realized fully because of the present lowering of lake levels as a 
result of diversions and channel improvements. These ‘improvements have 
had a combined effect in lowering the mean levels of Lakes Michigan = 
Huron by an amount variously estimated as between the limits o of 1 ft., or 


| 


Lake Regulations: —Lake carriers commonly utilize the full available draft 


- depth. “Tonnage must be provided adequate to carry the commerce 0 fiered 


in periods of minimum as well as of maximum lake level. 
Various desiderata of lake-level control include: 


4 


(a) Increase of the minimum depth in harbors ‘and 


) Redution in fluctuation in lake levels, or the maintenance of a 


_more equable navigable depth, 
OF testoration of the depth lost in harbors and connecting channels — 


8—By the construction of regulating on the lake outlets. 
The question may be. ask 


% ‘compensation or fixed control i in the outlet “channels without 


channels—as already learned by fully 
‘provides deeper water in th the improved channel a at the expense of lower 
in the tributary lake and, ‘consequently, reduces the navigable in all 


harbors on the lake, the outlet of which i is deepened. be | alae 


Compensation consists in putting ‘material back fate ‘en outlet 


outside the deepened navigable - fairway with a view to preventing the increase 

in discharging capacity which would o' otherwise result channel deepening. 

amounts approximately maintaining a a constant eross- ss-section, where 
the channel is ) deepened, by reducing. the effective width sufficiently. to offset the % 


x: | Fixed ‘control structures are for the same purpose and 1 operate in the same 


<i manner as compensation. . Compensation in part has been carried out in the — 

“past in connection with th improvement of the connecting between 


Compensation seems ve very wale effective, but it is to some 
os, Take, for ‘illustration, a q 
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By 
it 
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Be 
as 
)__vation, as in the 
\ 
— 


ee. 3 case such as that of the | 


the mean stage at the outlet channel after the channel is 
= deepened, and that this i is accomplished by compensation outside | the — 


waterway in such a manner that the relation of stage to 


remains linear. In Fig. 10 the line, AB, is the elevation of the original 
outlet control ‘sill The original, relation between, water surface ‘elevation and 


| discharge is” shown by the e line, AH. After deepening the channel tc 


corresponding to ‘te mean n stage, M, which is 


may 


ie 


o 
2 
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MAINTAIN PERMANENT MEAN LAKE STAGE UNCHANGED. 


sis so that lake be 
“higher 
takes ‘place. ol other words, ‘the minimum navigable 
the tributary lake will be less than before. the the 
‘minimum depth i in | the outlet channel will be inereased. _ This is due to the 


’ fact that, as a result of the co: compensation, the water level through the improved 


5 


 ghannel is not reduced as much as the channel itself is deepened. ae ; 


aur Of course, compensation need not be made with reference to the mean stage. 


Tt can be made, for example, to the the lake 
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—_— St. Clair River, where the discharge bears nearly a _ a 
vw the stage of the lake for moderate variations in lake 
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stages in the he example just ‘given. In general, channel improvement with 
compensation or fi fixed-outlet control alone will be found to operate to advantage ; 
in some respects and toa disadvantage i in others. This is because compensa- 
tion can only maintain the channel- discharging capacity unchanged at ‘one 


housands of Second Feet 


bas TABLE 1.—Errecr or IMproveMENTS on LAKE LEVELS. 


To improvement. | improvement. decrease. 

Stage at maximum discharge taly Increase, GH 
Depth at maximum | Increased _ 
Depth a at minimum discharge . Decrease, KL 


While: a certain in maximum n lake stages in the lakes over 
those pertaining in recent years should and undoubtedly « can be tolerated, 
decrease rather | than an increase in range of fluctuation of the lake levels is 
——: Only thereby can 1 the 1 mean and minimum lake stages and navigable — 
depth be increased the certainty ty that at some future time ‘the 
“lakes will ri rise to objectionable heights. axed Hep way b 
contradistinetion to ‘compensation, or simple control, lake regulation 
consists in placing» permanent structures below its outlet so so that the water 
can be | held back or released at will and both the lake levels and outflow can 
be cont rolled artificially to degree. ‘The ideal of constant lake levels 
at a ‘moderately high stage with constant. outflow rate is obviously unattain-— 


he regimen of lake levels and outflow is controlled by the « erent of, the eo 


— law that applies to storage « of all as follows: hein, 


Inflow = Outflow Gain, or — “Loss, of 


T 


- 


# 


Th manner in which this law operates - in the case of Lakes Michigan and — 
“Haron, is illustrated by Fig. ‘11. . The heavy solid line ‘shows the stage of the 
fakes. the: lighter solid line, ‘the. discharge through the St. Olair River, and 


the dashed line, the net supply to the St. Clair ‘River, as already defined. 
will that while the maximum net supply most frequently | occurs 


in March or April, the maximum lake stage and outflow usually occur in J uly. 


A similar lag occurs in the case the minimum stage. and “outflow. ‘The 
reason for ‘this lag i is evident from the diagram. “ _ Asi long as the inflow ‘exceeds 
the outflow, 1 lake levels rise and the outflow rate increases, The “maximum 


T 


pe minimum lake stages occur on the two occasions in the water-y -year when 


the net supply and the outflow are equal, that is, at the: ‘intersection of the 


lines representing these quantities. tines +9593 


_ Prediction of Maximum Stages. —It will be noted that the lines, AA’, B , 
ete, on ‘Fig. ‘representing recession in net supply following the spring 


? 


maximum, are 0 and ‘nearly | equal Tti is that the: 
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of hie recession line in an 
ae 


y given year is roughly a fanetion of the 


fx, 
This supply ean be determined shortly after the oecur- 


renee of the spring. floods: on the tributary area, usually by the end of March 
April. Knowing the maximum net ‘supply and the corresponding lake 
stage, together with the probable recession rate in net supply, it is possible os 
predict approximately the stage the date of its 

E occurrence from two to four ‘months in advance. ‘This fact may prove to be of L 
ab es value i in the operation of a any plan of lake yaad, since it makes it possible 
ae determine i in advance when an abnormally high maximum stage is likely to “7 


ceur. It is 18 then also possible to begin ‘at least two months in advance to. 


slice off the crest of the maximum by discharging the excess water. ‘These 
steps facilitate the. ‘operation of regulating works i in such ‘manner as to increase 


the minimum > stages of the lakes es without either in increasing the maximum 


stage or reducing the outflow during the minimum period. 
The Use of the Storage Schedule.—In the utilization, of storage reservoirs 


n ‘conjunction with ] power it is commonly desired to maintain 


eservoir always as nearly full as the draft will This 
| method of operation is, however, generally wasteful of water. In addition to 


firm power, it is also often desirable to produce ‘secondary ‘Power and | to keep 


; much reservoir capacity available for flood control as requirements 


These combined functions are best served by the us use of a Storage: oper- 


schedule. For example, a schedule is made up showing: the neces- 
ote sary amount of 1 reserve storage at the beginning of each ‘month. | * This is the 


amount required to. insure that the ‘predetermined minimum flow can be. 


‘maintained at all times in the event that the: remainder of the water-year 
™ proves to be one of minimum yield. | Any excess storage above this require- 


“ment, found to be available at the beginning of the month, is utilized during” 
“the ‘month. 1 In this manner the required minimum flow is ‘maintained, the 


maximum or ‘flood fl flows | decreased, and all” available flow 


The problem of regulation of the Great Lakes by storage control is ‘Bome- 
similar, and a ‘storage operation schedule may be applied. the 


‘ths of the Great Lakes, it is desirable to ‘maintain an increased minimum flow 
and to raise the minimum lake stages, avoiding as far as possible the oceur- 


ob rence of extreme high annual maximum stages. It is evident that these 


ee objects would be attained if the regimen of outflow and lake stages could be 


held at all’ times close to those for a normal year. It is 


To illustrate the method and to show that some beneficial results pak cer- 


* ns ‘tainly be attained by regulation, computations | have been made with reference . 
i. the regulation of Lakes Michigan and Huron for the period, 1912- 1924. ; 


on Fig. 12 shows the operation schedule used in this | study. It is based on the 


maintenance of a minimum from Lakes Michigan Huron at 
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of 
Oceur- 
March 


“solid line Fig. 12, outflow of 150 000 cu. is 
20ssible 


"maintained. ey | the lake stage is below normal by an amount less than 0. 3 ft., fis 


its or between the lower and middle solid lines on the diagram, « an ‘outflow 
000 cu. ft. per sec. is maintained. ‘the lake stage is above normal | 
s0ssible 


more than 1 0.2 ft., Or r between the middle and ‘upper so solid lines on “the 
ci aE ‘diagram, an 01 outflow of 200 000 cu. ft. “per sec. ‘is maintained ; while if the lake Bi. 
0 


“The stage is ‘more than 2 ft. above normal, an outflow of 250 000 ¢ cu. 
nerease 


ximum 
curve of stages. att 4 i 


581.0 
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ntain a 
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“determining the. results of operation in accordance with this schedule 

| these ‘ ot have any advance information as to 
did be lake stages to be expected nor as to amount of outflow to be released from the ee 
i* Superior regulating works during subsequent months. The regulation 


“is based wholly on information available to the operator on the first of the 


refore, 


Fig. 13 shows the results of ‘operation by this method. The solid ind in 
18(b) and Fig. 13(e) shows the actual lake stages; , the lower dashed line 


erence 
shows the re regulated stages if the regulation had begun in J anuary, 1912, 


without any attempt to “boost: the: mean stage. Tt will be noted that the 
aor minimum stage in the period covered is raised 0.385 ft. “above the 


; and that ” annual minima are much more uniform. 


ei 
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and the annual maxima are more uniform. The extreme 


fluetuation of lake levels for the period i reduced from 3. 3 ft. to 
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back ‘part | of the maximum f flow in one or 


lation can w normal stage curve. Tt 


operation is begun i in a of low lake levels deficient supply, then 


- boost the mean stage will inevitably result in a temporarily decreased supply 4 


to Lakes Erie and the St. Lawrence River. be | 
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mit 
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| tas study of the subject and in the design | of regulating works. = 
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nd ¢an be avoided by ‘until the lake levels ise y 
“a 


ft. _abov ve. that of 1912, could begin. inthis manner in 1918. a and. 

- thereafter would provide. stages as shown by the upper dashed line on Fig. 


13 (b) and: Fig. 13(e).. fe ‘The maximum stage is not raised above the BETORRIAGR 
maximum at the whe of operation in 1918, but the mean, and. extreme 


minimum stages for the period, 1918 to 1924, are both raised about and 


similar ‘results can be obtained i in, subsequent years, g ih 


dashed line regulation. It will ‘noted that the minimum 
“outflow is inereased for ‘period of several months in nearly 
the manner desorihed 


—That the “full. apparent: inerease. in minimum discharge may not be 
realized because of i ice obstruction: i in ‘the outlet « channel. al oft wade 
9.—That the maximum outflow rates ‘are increased materially ¢ at times over 
those pertaining for the same: stages with unregulated outflow. 


"As to the first objection, it ¢ appears probable that the maintenance of higher 
stages break tend to ‘ice gorge formations. ‘The use 


ecom- 


Tt is true that more- water is | discharged at than would 


at the : same lake stages with ‘unregulated outflow. This condition 
undoubtedly could be mitigated to some extent by closer regulation, say, on eo 
weekly ‘instead of a monthly basis, by the use of maximum stage predictions 
made two or three ‘months i in advance, in some manner similar to that already 

described, and by ‘the 1 “use of advance information as ‘to the quantity of water : 
expected to be released from the regulating works on the outlet of | Lake 


Some inerease in duties ‘channel capacity will probably be found 


| i, “at least. desirable, and this factor should be taken ‘into ‘consideration in 


Tt may be ‘repeated | that Fig. 13 is intended to be mainly Museratiee it mi 
not presented as a definite basis of regulation, but rather as the result of a- 


j 

. Much: of the discussion herein giver! as to ‘method s and ‘possibilities of la ce 
regulation jin the ease of Lakes Michigan and Huron applies equally well to 

Erie. Regulation of Lake Erie by means of 1 regulating works above the 


crest ‘of the rap ids at ‘Niagara Falls would provide, in addition to 


_ advantages, means for diurnal regulation of outflow for power use as well as’ 
temporarily withholding or diverting. ‘the out ow in such a manner’ as to’ 


{= ‘the restoration of Niagara Falls and the ‘pinelforation or’ prevention 


Finally, this subject of regulation ‘of the Great. Lakes’ ‘should by no )means 
be dismissed. Id not be adopted until ‘more is 
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to lake stages, or. until, more careful study, has 
raulic aspects of the subject well, 


‘various that have been indie on this subject, 
_ has very ably set forth: the difficulties ‘attendant on the solution of ie 


problem. The ‘speaker desires to give some facts” concerning the importance 


Be the commerce on ‘the Great Lakes, and 0 f the g growing commerce on the — 


River, because he considers that commerce is entitled to first consi pe 

eration in st study of lake regulation. facts relating to the 


Commerce of ‘the Great Lakes.- —The general ‘public ‘and most ‘engineers 


Tittle’ donseption the extent of this industry and its’ ‘tremendous and 
2 ar-reaching effect on the life of the Nation. ' The latest published statisties 


f the commerce ‘of ‘the: United ‘States is. for ‘the season of 1926, and they 


shor w that the Great Lakes tonnage comprised n more than WB% « of all the water- a 


borne tonnage handled in and on the United States ports : and waterways. It 


was three times the Pacific Coast traffic; ; two and one-half times : the. Gulf 


J 

Coast traffic; and more than two-thirds the Atlantic Coast traffic. was 
ee mai larger than the tonnage handled on all the rivers and other inland waterways — : 

ea the, United States. Its relative importance. to all other inland waterway 


traffic i -is not. correctly represented by. the tonnage because the length of haul 


is much greater, on the lakes. total _ton-mileage of more than 
99, 500 000.000 for all ‘inland traffic, that on he, Great Lakes consisted of mor eC 


This does not inelude the. foreign trafiic on ‘Taken, which more 


of the total lake traffic. These inland. waterways. consist of the 7 


| _ rivers, ¢ canals, and connecting channels and the Great Lakes. System. at ae 
The bulk of the freight. carried on. the Great. Lakes consists of articles 
Bes fundamental to the industrial life of the Nation and of foodstuffs for man and ¢ | 


1926, about | bushels of graih, 10 000. bbl... of flour, 


Ste. Marie Canals. Of the total freight, tonnage earried on. the Great 

ne Lakes, iron ore and its manufactured products constituted about 50%; coal, ' 

26%; stone, 11%; grain and its, products, 54%; sand. and gravel, 3%; and 7 

i re miscellaneous, 43 per cent. - About 98% of the iron ore handled in the ports | 
of the United States is carried on the Great Lakes. 


as to 
Duluth- -Superior (Minn.-Wis. .),, Harbor, 7 situated at the head of Lake 


a 


Superior, is the second largest port,in the’ ‘United States. and 
more than 000 000 tons of freight. in 1926, which. 


_Pa., had a ton-— 


take advantage of every available inch of. draft. 


Prin, Asst. Engr., U. 8, Engr. Office, Buffalo. 
Am. foe, September; 1929, Papers and Discussions, p. 1749 
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t every such ‘additional ine is wor 


‘tion that would it increase ‘depth in. would be worth 000 000, 


z be it is ‘reasonable to assume that a large part of this saving would accrue 


Commerce on thé Niagara River —The average tonnage of freight carried — 
on the Niagara River for the years 1924, 1925, ‘and 1926, was about 3333 000, 


which is about double what’ it was in "1914, ‘when the Rock Ship Canal 


-_ was opened to ‘traffic. This ship « can al is about 3.5 miles long and was built AY 


to provide ‘safe navigation for the largest lake freighter around the very swift 
‘and shallow rapids at ‘the head of ‘the Niagara River. © 

_of the old Erie Canal that skirted the east bark ‘of the 'river at’ this’ point, and 

oy “now carries all ‘the’ Buffalo ‘traffic of the New ‘York State Barge Canal. The 


* ‘present traffic in the’ Black Rock Ship’ Canal consists of nearly 50% Barge 
Canal traffic, which requires only 12 ft. of water. Tess than 25% of the tr 
utilizes’ the full available’ depth of about 19 ad t 


of the deep- -water pool in ‘the river between Buffalo and 


‘an 

“Cana were widened to not les in 300 ft. ‘cana and 400 ft. 

in open ‘river to. the full “depth of the other connecting in the Great ic 


“Takes System, and if the mainland and Grand Island sides of this ‘reach 


the river were provided. with adequate railroad ‘service, the speaker believes 


that this frontage would develop rapidly, Batis bs 


would be especia 
re has recently” developed in Buffalo Harbor. It is not unusual to have fetim 
- fifty to one hundred of the largest freighters on the lakes storing grain in 


Buffalo Harbor ‘during the winter. - The grain is unloaded as required for rail 


shipment to Atlantic Coast harbors or to mills. This necessitates the livin 
of several powerful ice- -breaking tugs during the entire winter to move these 


vessels to and from the elevators. If this business could ‘be transferred to a8 


the Niagara. River there would be little interference from ice, because the ‘ 
Hives never freezes | over and there i is usually little floating i ice from Lake Erie, 


? 


"except during from four to five weeks in the s spring ‘when the lake ice is broken 
but by that time most of the grain has been 


ae prospects of the extension of the deep- water channel from Tonawanda — 


in ‘the ‘near future is not bright, because of the extremely high | 
4 : cost of the work due to the prevalence of solid rock. Such a channel would Hees: 


require compensating works to. prevent’ a considerable lowering of the 
fea and lake. The cost of such ‘an exténsion would be greater than all that — 


has en spent to ¢ date by the Federal ‘Government, on ‘Buffalo Harbor and 


; through, such a waterway is less than 8% of the present tonnage in Buffalo 


Ni iagara, River, and the most favorable estimates of probable future tonnage 


In view, of the vast investment of money and effort the 


navigation industry on the Great Lakes and ‘the rapidly growing 


the Niagara River commetce, th ir interests enter a very large 


has beeti_ estimated tha th $500 000 pe 
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DAVIS ON REGU ‘LATION OF NIAGARA RIVER 

gato of more careful studs has 
ag RRCRAIRS into the final determination of iat and amount of regulation or 

000 Hydraulics of | the Ni iagara River —The speaker does not know of any data 


9 giving the levels of Lake Erie or Niagara ‘River previous to. the placing of 
artificial works in the head the river 1823-25, when, the Erie Canal was 


dam ; a dike the | ‘east bank of that island from ‘the 


oe 


oe i’ of the island; and a pier, which i is virtually a adam, from thence to tl the head | of 7 


4 


river, a distance of about 24 miles, terminating on Bird Island, a rocky 


a 


2 Reef, that was and is submerged during periods of high 1 water. | _ It was subse- a 


quently extended easterly about. 3 100 ft. to increase the size of the harbor. 


No data are available to determine how much this, restriction. raised ‘the 
J level of the water in Lake Erie, but. it t must have been at least 0.3 ft. and it it 
have been as much as 1. 0 toudt: & dagly 
The original improvement of the ea River for lake navigation con- 
_ sisted of cutting a a channel 400 f ft. wide and 16 ft. deep through the reef at 


the head of the river, The cut. consisted principally of ‘the removal of 
portions of shoal. spots ‘on the reef and, while it must have caused a slight 


‘lowering, the total was probably 1 not more than : a ‘fraction of, an ‘inch. Recent 


improvements between. Black Rock Lock and Tonawanda have 
undoubtedly -also “resulted ina slight lowering Lake Erie, but the sum : 
total lake lowering from. all ¢ channel in River is less” 


For many years sand and gravel have been dredged from the river for com- 


mercial Most of this material was removed from 1 a section about 1 


miles: Jong, extending down, stream from the head of Squaw Island, or from ; 
to Kg miles from the head of, the river. “No record of. the total quantity 
dred ged is available, but. it must have. been more than 10 000 000 cu. yd. 


_ About one-f -fourth of ‘Squaw Island. _three- fou rths_ “Strawber rry sland 


_ From studies 3 of the effect of this edging, made in 1926, it was. s estimated 


4 ft... ra River were canceled. as 


rr, effect of all the diversions and of artificial changes in the oe 


River, on the level of Lake Erie, is ‘shown in Table 2 


oe The levels in the river would not be affected A the same manner by the 
diversions listed in Table diversions ‘made above the head of the river 


would ai affect the in ‘the Grass Island ‘Pool at “Niagara Falls slightly 
less than. 50% as much as Lake Erie. fd instance, ‘the first two, diversions 
: Table 2 would lower that pool only about 0.3 ft.; the third would. have no 


appreciable effect because all the ‘water - is returned to the river; the fourth | 
ould have about the same effect on the pool as on Lake ] Erie; the fifth would dq 


__ lower the poo seven or r eight times as much as the la ce; and the ‘sixth, a 


level only slightly, 
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in the channel. ‘of the Niagara only, one- 


a half the extreme fluctuations i in Lake Erie are transmitted to the river at the 


: F alls, or, with a rise in Lake Erie of 12 ft., which occasionally occurs, a corre- 
sponding 1 rise of not more than 6 ft. takes place at the Falls. the ‘other 


a aaiee the frequent daily fluctuations in ‘the level of ‘the Grass Island Pool, 
due 


o the variation in the | quantity of wat er used by the power ébimpaiiiée, 


"a very little change in the current or river levels near the head of the 


TABLE 2 2.—LowERING OF LaKe Erm Dug Artic, Cuan 


—-- 


i Black Rock Canal : 

New YorksState Barge Canal......... 
i, Niagara Falls Power Companies 

‘Sand-gravel excavation, Niagara River.. 


Probable compensation of of Erie Canal structures built previous to 1825 


% 


| ae The studies m mederet: lake and river regulation have thus far failed ae 


a reveal any safe of i on therefore, it, seems that only 


The plan suggested St. oint t. Board 
“neers in its report dated November 16, 1926, seems entirely feasible; it 


| 


— @ Four, submerged weirs or sills extending across the deep portion 

_ The work. of the waterway near its head, with their tops 13 ft. below the ae 
water surface, thereby forming no o obstruction t shallow- draft 


(b) A wall or dike of this 

in the river, near the westerly end of the: submerged sills, 

its top 4 ft. above water level. 

- As A weir, extending diagonally from: the up-stream end of the wall 

sige! or dike to the Us Canadian bank of the river, with its top at low 


This diagonal weir « shallow water 

and is designed to r restrict materially the low- water ‘discharge of 

yurth “while permitting the full- width discharge at flood stages. It is estimated 


that these works would raise the level of Lake Erie about 0.7 ft, without 
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also be found necessary to build ‘oyeithindetniy? works | in the river 

at or Grass Island Pool to balance the slightly less low-water flow 

i that would result from the works constructed at the head of the river. — — 3 
Turron M. Riprey,* Am, Soo. _C.E. —This matter of lake regulation i is 


en . based on the n need of providing better water transportation facilities, Si Studies: 


_ were started at least thirty-six years ago. The first report in the speaker’s_ 
“possession | was. issued i in 1894, and numerous reports have been made since that 


‘time. The transportation interests are justified i in demanding that ‘something 
Bray Ade even if it is no more » than’ an admission that ‘the « engineers of the 


States can give them no help i in this matter. — 


‘The { fact can be stated that compensation or regulation, ora combination | of 


the two, can be made : so as to help lake transportation, and the engineers and 


shippers along the Great Lakes ‘should be able to create” a ‘public ‘sentiment 
ae ‘that would demand physical action and institute construction of the » necessary 
It is that ‘the control of a storage reservoir having an area of 
a than 55 000 sq. miles, which is fed not only by its own water-shed, but by that 
of another reservoir containing 32 000 sq. miles, contains hydraulic problems 


often encountered. Nevertheless, these problems have been studied, as 

previously stated, for more than thirty years, by some of the ablest « engineers in 
Pe Px: country and the basic principles | and main features have been agreed upon. 


In the reports ‘mentioned, it is stated that 0. ft. ‘elevation on the lakes 


es worth $660 000 p per year to the navigation interests. This « statement has never 


= been contradicted and must be assumed correct until | disproved. © Moreover, = 


a there seems to be little doubt of the ability | to ‘provide : at least a foot more water , 
ape in Lake Erie (with the corresponding increase i in elevation of Lakes Huron _ Be 


ould be question: e works | 


tise 


were ditsah a 
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= FRICTION OF SEWAGE SLUDGE PIPES 


-Discussion* 
Messrs. Cc. E. KEEFER anp W. Ss. 


E. Keerer,t+ M. Soc E.—The friction. losses of sewage | 


flowing through cast-i -iron pipe lines" have been under investigation at ‘the 
sewage tre tment works of Baltimore, Md., since about 1924. 


‘The ‘sludge used in the experimental work varied widely in its co: sistency, : 


- some being partly digested and some practically Taw. _ The moisture content 


~ also fluctuated from 85. 4 to 99.8 per cent. ‘The pipe line through which the ye 


gludge w was pumped, was approximately 2,250 ft. long and 12 in. in diameter; 
loss of head was determined by ‘piezometers, and the volume of sludge 


of pumped was measured i in an open well. The observations indicated that 
the moisture of the sludge as well as its velocity in the pipe had a 
- bearing on the loss of head. Generally speaking, the greater the ee 

| “the higher the moisture content, the smaller were the friction losses. 

| x The work indicated that it is very ‘difficult to reach any rigid dehiabees: 


regarding the friction losses due to the flow of sewage sludge in pipe lines. 
- The reason is that the behavior of sludge i is not consistent because it contains 


diversity 0 of among other is filled with gas. 
Ss. M. An. Soo. OE. E.—Critical velocity” in hydraulics 
_ present has two distinct n meanings: irst, the velocity at which flow changes 


doth stream line to turbulent, or vice versa; and, ‘second, ‘the velocity above 


which an hydraulic jump may take place i in an open “canal. ae Sr ss a 


4 This discussion (of the Progress Report of the Committee of the Sanitary Engineering - 
Division on Friction of Sewage Sludge in Pipes, presented at the meeting of the Sanitary 
te Engineering Division, New York, N. Y., January 19, 1928, and published in September, 1929, 
Proceedings), is printed in Proceedings in order that the views Tata Ter re be brought 


+ Prin. Asst. Engr., Bureau of Sewers, Baltimore, 3 


AY t Prof. of Hydr. Eng., Towne Scientific School, Univ. 
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T he is” as the term is. 
already over-used. d. The speaker would suggest the term, “velocity « of sedi- 
2 mentation”, , because it is evident from the curves that as soon as this velocity : 


te is reached the sludge settles out to the bottom of the pipe and the salieinte- a 


tion velo ity is maintained i in n the remaining cr cross- s-section, thus accounting | 
or a change i in velocity (defined as discharge divided by area) a and no change : 
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MEMOIR OF ALFRED CRAVEN 

MEMOIRS, OF _DECEASE ‘D 


pa 


ie Alfred Craven was born in Bound Brook, N. J 3 on September 16, ‘de 
3 the son of the late Rear-Admiral Thomas Tingey Craven, U.S. N., and Emily 


mal ‘His. forebears served, in the Navy i in every generation since and i including 
t the American Revolution. He was a ‘descendant of Thomas ‘Tingey, a Captain 


8) 


of the Continental Navy. His father commanded.the Sloop of War Brooklyn, 


Farragut’s Fleet in the passage Forts Jackson and St. Philip on the 


Lower Mississippi on April 24, 1862. “An uncle, Tunis Augustus Macdonough 


Craven, was in command of the monitor, Tecumseh, of Farragut’s Fleet at 


the Battle of Mobile Bay, on August 5, 1864. ‘The Tecumseh struck a torpedo” s 


and d sank i in 30. sec. with | most of her (qrew. Command der Craven was. in the 


pilot- -house with ‘the pilot when. the ship ‘The opening from the 
“house would permit but one at a time to pass. While realizing that ev ry 
- second counted, Commander Craven turned to the pilot and ‘said “You fi 


> 

oft » The pilot was saved and the Commander was drowned. bE, an 


‘Following the traditions of the family, Alfred Craven en ntered the Uz S. 


‘Naval Academy at Annapolis, during the Civil | War and was sraduated 


SOUT 


in 1867, remaining in the Service until 1871 ‘when he retired with the rank of 
SY Master, - In 187 i1, he joined the California Geological Survey w whi ch did 2 


“notable work for the State. was a member of the famous, Whitney ‘Survey 


and was one of the party. of three under Mr. who the 
“first to climb to the summit of r Peak. he was engaged on irriga- 
tion, work in the | Sacramento and San Joaquin Valleys and then went 
private practice in Virginia. City, Ney., _where_ he w was” connected ‘with. 
-_developm ent of the famous Comstock : On ‘this work, he was associated 


the well- known “Sutro Tunnel 


Adolph Sutro in the construction .of 


bit ven returned East in. 1884 and became an Assistant Engineer on 
the surveys for, and the construction. of, , the ‘New Croton Aqueduct of 


York Water Supply, serving under the Aqueduet Commissioners. ‘This 


was a work of great magnitude for those days, aqueduct was more than 


miles long, constructed almost entirely in rock: tunnel, and lined with 


4 brick. was designed for a capacity of about 300 000 000 gal. daily, Wh 
“the. work was placed under contract in the early part of 1385, Mr. Craven 


was made Division Engineer of the Fourth Division. 


o coves) aM 


On this work he established an enviable record for ability, courage, an 


rugged honesty. He ‘stood firmly, against practices resulting in dishonest 
work. After straightforward and _unimpeachable_ testimony before 


investigating committee, an incensed politician is said to have told 


Crayen: ‘ ‘You have done. ‘the last piece of | work you will ever do on this. 


whereat, Mr. Craven quietly replied, “I will be here when you 


* Memotr prepared by Robert Ridgway, ‘Past- -President Am 
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proved | to be ‘correct, for id: a ‘Tegislative 
whee and the passage rel an act which permitted Mayor Hewitt to re- organize the p dele 
Aqueduct Commission. and to appoint 1 men of ‘a ‘caliber to appreciate honest 
Pie service. if Because of his fine record and his ability as an. engineering execu- who 
Mr. Craven was given increased responsibility and he assisted in Yor 
_pleting the aqueduct in a manner that reflected credit on himself and others die 
a more than fifteen years ‘Mr. Craven was a Division Engineer on the him 
construction of this aqueduct and additional reservoirs of ‘the Croton. System. 
He was in charge of the construction of Reservoir on the West Branch ten 
of the: Croton, near ‘Carmel, N.Y. (capacity about 9 000 000 000 gal. ) and of E vents 
the completion of Reservoir “M” on the Titicus | River, near Purdys, N. YY & me 
(capacity ‘more 7 000 000 000 gal. are two of the chain: of Mr 
storage built before and since in the roton Basin, and they are adr 
still in service. “Between 1893 1900, | he was in charge of the building of 
the Jerome Park ervoir, storage: or “equalizing reservoir of the Croton 
System, located in Borough of The Bronx, New York City. is During the Ci 
_ progress of this Ww ork. material changes were made in the plans, of which he . 
did not approve, and early i in 1 1900 he resigned. 
" In May of the same year, . when the first New York City Rapid Transit ok 
ia Subway work ‘was begun, Mr. Craven ‘was appointed Division Engineer o on the = 
am, ‘Staff of the Rapid ‘Transit Railroad Commission of New York City, and was “me 
_ given charge of the construction of + that part of the four-track subway ‘from = 
 Alst Street and Park Avenue to Broadway and 104th Street, known as the zy i 
3 Second Division. ~ He was “appointed Deputy Chief Engineer ¢ of the Commis- oe 
gion in 1904; Deputy Engineer of Subway Construction of the Public Service 
Commission ‘(the successor of the Rapid Transit. Railroad Commission) in 
1907; Acting Chief Engineer of the same Commission in 1910; Chief 
Un der Mr. Craven’ administration as Chief Engineer, the great so-called 
“Dual ‘Subway System”, costing for | construction and equipment than 
$500 000 000, was planned and, in a great part, built. At that time this was § 
of the ¢ greatest municipally constructed projects ever undertaken, compar: A 
in “magnitude with, and greater in than, the ~Panema Canal, 
presenting great difficulties in planning and construction. work may 
fittingly be regarded. as. a monument to Mr. Craven. He resigned as Chief 
Engineer 1916, was immediately made Consulting Engineer « of the 
holding that Position | under the Commission, and its successor 


the Transit Construction Commissioner, until he retired from service 
Mr. Craven was one of those ‘men who, with no ‘apparent effort on his own 
part, won the respect and affection of all who served under him or were other- 


wise associated with him. He never sought popularity. He had but to request 


a, 


that a thing be done and his Staff would: work cheerfully day and night to q : 
the . His “fairness and strai ghtforward way of | thinking 

to those who had business with him, and his decisions were ig 


a 


f 


— 
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In commen ing on h his death, former Transi 


ORF. Craven was one. of those really ; ‘men whose _outatanding work 
was only thoroughly appreciated by the Engineering Profession and by those 
_who had the rare pleasure of being associated with him. The people of New _ 
York use the magnificent subway system designed and built by Mr. ‘Craven, 
thers pa only a handful know of him. For this Mr. Craven’s modest and retiring a 
disposition was, of course, responsible. He was blunt. and straightforward with 
courage and integrity that matched his great ability. It “has been said of 
the him that he had .no hinge in his moral backbone. Engineers generally realize 
stem. § that, while the Panama Canal is comparable with the New York Subway Sys- 
anch tem in the matter of cost, there is no comparison in the matter of difficult — 
and perplexing engineering problems. In the minds of those who knew and aa 
worked with Mr. Craven, the great Dual Subway System will always be re- 
garded as a great monument to him. I had the rare privilege of serving with 
Mr. Craven for nearly ten years, and during that time came to have the same 4 
admiration and affection for him that was universal among all those who ever _ 


ws ‘The Memorial Resolution passed by the Board of ‘Transportation of the — 
City of New York on October 5, 1926, reads, i in part, as 


be “This Board has Yoana with deep reg 

“His memory will be a bright spot in the hearts of all who knew him. ae, vo , 


sound judgment and absolute fairness, combined with his _kindliness and 


n 

n the 


was modesty, won for him the respect and admiration of commissioners and con- 
from _ tractors alike. His subordinates gave him the willing, loyal, and -unstinted | 


“to whom he was in California in 1871, who died in 1928. He is 


Thief survived by three daughters, Mrs. Lucy Bruce, Mrs. Emily 
alled Craven was fond of fishing an golf. was one of the first to take 4 

up the latter game in this country, and was a member of the ‘St. Andrew's 


than 


Golf Club. He was a member of the Society. of Municipal Engineers of the 


City! of New York, the Navy Athletic / Association, and the ‘Senior Golf 


ar- 
ai Association. In 1915, be: was appointed one ‘of the two. ‘representatives of the 


Sune | Society on the Naval Consulting Board and served on it until his death. 7 bs 


Thief In 1908, he was awarded, under an Act of Congress, the Civil War Medal. 
. j Mr. Craven was elected a Member of the American Society, of Oivil Engi- 


neers on December 5, 1888. He served as Director, from 1903 to 
Carlton, Rollin Dart, the son of Rollin Cc and Sarah E. Darling) Dart, 


™ born at Lansing, Mich., on February 7 1862. He: was graduated from. the — 


¥ 


aE 


_ * Memoir prepared by Joint Committee of the Illinois Section and the Western Society la va, 
f Engineers, consisting of Langdon Pearse, Albert F. Reichmann, and George M. "Wisner, she 
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‘MEMOIR OF CARLTON ROLLIN DART ‘[Memoirs, 


fichigan “Agricultural ( College i in 1881 with the degree of Bachelor of Science. 
ce ‘He began his professional ¢ career ‘in 1881 as Assistant to the City ‘Engineer of 


Lansing; but entered the University of Michigan i in September, 1882, for the 


autumn and wihtae semesters. sitraita ‘ont yd bata 


In May, 1883, Mr. Dart again took asa Surveyor, and 


Draftsman on construction for the Marquette | and Western Railway Company, ‘ 

at Marquette, Mich. , making plans for a 50- pocket ore dock which was built at 

place. From June, 1885, to September, 1886, he e was” Draftsman for 
- Grand Rapids and Indiana Railroad ‘Company, at Grand Rapids, , Mich. ; 


and from September, 1886, to. May, 1887, he» was. Assistant on 
‘struction for the Kansas City and Omaha Railroad: ‘Company, in Nebraska. 


_ He then entered the service of the: St. Joseph and Grand Island Railroad z 
_ Company, ‘at St. Joseph, Mo., and was in charge of construction of the railroad | 
eo shops and terminal yards | built for the St. J oseph Terminal Railway Company. 


In March, 1889, he entered the employ of ‘the Union Pacific Railroad Company 


and was engaged on. the work of building ‘shops. and. terminal yards at Chey- 
enne, Wyo., and from May, 1890, to February, 1891, he designed : and built 
ess railroad terminals for the Oregon. Short Line and Utah Northern Railroad | 


ee es: In ‘February, 1891, Mr. Dart located i in Chicago, TIL, and served until J une 


of that y year on building work in that city, after which he joined the Engineer- . 
ing Corps ‘on construction work for the -World’s Columbian Exposition 


‘thus engaged until June, 1893, In July, 1893, began the practice of 
ia general engineering \ with an office i in Chicago and made complete plans for a 
power station for the: North Chicago ‘Street. Railway Company. In 
- March and April, 1896, he was engaged on the structural work on the bear- “trap 
dam'at Lockport, collaborating with the late Alfred Noble, Past- President, 
a Am, Soe. C. E., in this work. From May to December, 1896, he 
oa _ the late George Ss. Morison, Past- President, Am . Soc. Cc. E., in making surveys Z 
- for a water- power pro project in. East Tennessee, and from February, 1897, to 
a anuary, 1898, he served as Draftsman i in the office of Mr. } Morison i in Chicago. . 
= He then entered the service of the Lassig Bridge and Tron Works of Chicago, 
as Structural Draftsman and Checker, which ‘position he retained until J uly, | 
~ 1900, from which time until February, 1901, he was engaged in making draw- 
ay ings under ‘the direction of Mr. Noble for compensating works: in St. Mary’s 
River at Sault Ste. Marie, Mich. ta A shart od 


tie February, 1901, Mr. Dart entered the service of the Sanitary District of 


~ 


we 


Chicago 1 as Assistant Engineer i in charge of the Bridge Division. | In December, 

1902, he ‘was promoted to be. Bridge Engineer and served in that. capacity until. 
_ March, 1921, when he was appointed Consulting Bridge ne, which posi- 


ae 


‘Under Mr. Dart’s direction were built 1 many of the larger on 
Chicago River and 1 practically all the bridges over the Drainage Canal, 
et which were the State Street Bridge, the Dearborn Street Bridge, the J ackson — 
Boulevard. ridge, the Twenty-Second Street Bridge, the ‘Western Avenue 
Bridge, the Eight- Track Bridge, ete. He also designed the butterfly dam at “5 
Lockport, ‘the. works for the Calumet- Seg well as 
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MEMOIR OF A 

idges over the North Shore Channel ‘and the Calumet- Sag Channel. He iis” ‘ 
a isd engaged as a Consultant on the’structural work ‘carried on at the various | 
pumping stations and other buildings « ‘of the Sanitary District, ‘and took a 
interest 1 the development of the proposed controlling works suggested 
Personally, Mr. “Dart was sa kindly man, as to 

well as helpful 
vardening 


in emergencies. 
He was a member of the Society of Engineers, 


for many years as s Treasurer, | the American’ Association of ‘Engineers, | 


yy 


“American “Association for the Advancement of Science, the ‘Structural Engi- 
neers’ Association of Tllindis, the American Railway Engineers? Association, 


: and the Geographic Society of Chicago. He was also a member of the Engi- 
neers’ Clu 

Sen In 1908, he was married to Ella Weinland, who died several years be f 


11m. 


Dart w as a of the American Society of Civil Engineers 


on M 


hia 


JOHN DOVE ISAACS, M. Am, Soe. 


e Isaacs was born o | 6 1848, at He was 


“abled ied yi University of Virginia, and w was graduated in the Scientific 

Course, which in those days was closely associated with the Department. ~ 3, 


From 1869 to March, 1870, he served as Draftsman with Talbott and Sons, 


of Richmond. obtained further practical training from “March, 1870, to 
_ March, 1874, when he was | Prize. Apprentice and then Draftsman at the Union . 


3 Tron Works, Baltimore, Md. e: From March, 1874, to April, 1875, he worked a as 
‘Draftsman with Hilles and Jones, Wilmington, 


Tn 1875, Mr. Isaacs went to. San Francisco, Calif., and entered the service 


of the lines which now comprise the Southern Pacific ‘Company, first as Dra fts-_ i 


in the Bridge and Building ‘Department, then as Chief Draftsman and B 


er, and, later, Principal Assistant Superintendent of Bridges and | Build- — : 


ngs. In 1890, he was Consulting Engineer ‘during the ‘construction of the 


/ Piedmont Cable Company, Oakland, Calif., and, in 1891, Consulting Engineer 


of the California ‘Bridge Company on the, Petaluma ‘River. Draw- -Bridge. hh 


liminary survey. for an extension farther into the mountains of the Perse, pe 


carril Occide 1891 to 1900, ‘he was Second Assistant Engineer of 


“Maintenance of. “for the Southern Pacific Company, and from 1900 


Assistant Engineer of Maintenance of Way. 


During his period of service from 1875 to 1905, Mr. was  engeged in 


= ‘the early Nineties, 1 he made a trip 1 to uatemala on a reconnaissance and pre- — = 
ly i 


many interesting engineering Projects, often ‘yeferred to by him later | in life. 
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“MEMOIR OF JOBN, DOVE ISAACS [Memoirs 
The following serve as examples The design.o of the. car- -ferry steamer, Solano; 


the, wharves and slips forthe train- ferry, seryice between, Port Costa and 


Benicia, Calif.; the double-deck, side- -wheeler. ferry steamer, Piedmont; athe 


_ Oakland Mole. wharves, slips, and buildings; the Hotel Del Monte; the recon- 7 


struction of the Cascade Viaduct which was burned in 1889, and, rebuilt 


in 134 days (420 ft. long and 100 ft. high); the , development and superintendence 
of. the Southern Pacific Company’ activities, in wood preservation ; the design 


om and.construction of a masonry, dam and tunnel, at ‘Wright, Calif, on ‘the Santa 


a Cruz Branch; and the.e engineering ‘and construction features of the. California ie I 

On December. 4. 1905, Mr. Tsaacs was t transferred to the Eastern Executive if 


a Offices of the Southern Pacific ‘Company and also became Consulting Engineer 


[ Memoirs. 


of. the Union Pacific and» Southern Pacific Systems, which ‘meant that. his 


engineering ‘influence was exerted on all the Harriman Lines and their sub- 


sidiaries. After the dissolution | the ‘Harriman properties in 1913, he was 
“retained a Consulting Engineer ‘of the § jouthern Pacific Company, with head- — 


Ona a bronze tablet recently erected ‘at ‘Stanford University, Palo Alto, 
Calif., Mr. . Isaacs is ‘is. given credit for his part. in, the, early development of 
motion pictures. In ‘the late Seventies, Senator Stanford sought Mr. Isaacs’ 


ae to obtain proof to win a bet of $25. with Mr. James W. Keene, that a 


has all four feet off the earth at once. © 


quarters i in New ‘Yo ork, N. » which position he held, until ‘the time of. his 


ag 


trotting horse at one. period of its stride 


Mr. Isaacs decided to use a number of cameras set side by side and make an 

accura e photographic ‘record “of the foot movement ; he devised a simple 


electro- -magnetic ‘release that successfully 1 reco orded a a series of photographs and 


settled the bet in favor of. Senator Stanford. The history of the motion 


‘ 
picture, shows that others who w ere interested in_these experiments, carried 
it 
them fe forward, nd that these tests ‘really ‘marked the birth. of “the. motion 


ictur 

si ee M r. Isaacs was generally recognized as one of the ‘able authorities on wood 


in the United States, having won by. his active work 


in the practical development of the creosoting and urnettizing Processes. He 


invented, jointly with the late W. G. Curtis, M. Am. Soe. E., ‘a ‘portable 


taper rail evised saacs to connect ‘two _ abutting rail 8 
different sections, has been widely used. simple. device, well, snown to all 
track men, consists of a piece of rail from 8 to 16 ft. long, 86 forged that the : 


oe ends correspond 1 respective y ‘to the two sections to be joined, permitting the 
_ use of ordinary ; joint ‘bars without the need of joints. 
rifled pipe, invented jointly by Mr. Tsaacs and the late ‘Speed, 
_M. Am. Soc. ©. E., in 1905, afforded a temporary | 80 ution to a diffi fficult . 
Some of the heavy, C. alifornia' oils could not be e transported t through 


‘lines without preheating, ‘on account of ‘the frictional, losses 


in head. Mr. Tsaacs and his “Assistant conceived the idea of rifling the pipe 


like a gun bore, to give il aw whirling motion. Then, when pressure had 


been applied, water was introduced, which, being ‘somewhat heavier, would be — 
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force, due to the of the! oil, against the 
q pipe surface and stay there as a thin film, thus acting as a lubricant and per- ie 


a mitting much easier passage of the oil in long- -distanee pumping. This’ use 
Water as ‘lubricant appeared to make it impossible for crude oil to stick 


the pipe its progress. rifled pipe line was constructed between 


‘In 1899, J: uliue: Kruttschnitt, ‘then General ‘Manager of the Southern Pacific | | 


‘Company, appointed ‘committees ‘of engineering officers the Maintenance 
and Mechanical Departments to prepare a uniform and consistent system of < 


locomotive tonnage rating on all Divisions of the -Company’s- lines. 
ay We ay rat Per 
paper: on “Locomotive ‘Tonnage. Rating—Southern Pacific Compar —Pacifie: 


written. by the late Mr. Curtis, Engineer, Maintenance of Way, 


with the able assistance of | Mr. Isaacs, i is an outgrowth of this » work, 
the study of detailed line profiles and extensive ‘mathematical an 


was developed a theoretical basis for the rating of tonnage to be handled over E 


vr Division by a a given class of locomotives at the required , speed, according 


to the time tables for. trains. In 1909, the first, paper was supplemented by 
another: ‘entitled, “The Economic and Efficient Speed of ‘Freight Trains,’ 
"prepared jointly by. Mr. Isaacs and his Assistant, E. .E.. Adams, M. 


Am, Soe. C. E., now Assistant to the President of the Union Pacific System. 


Immediately before his. appointment as Consulting Engineer, Mr. Isa 
‘that, was, in 1905, to, establish for 


“meeting, ‘Common Standards” were “many which have. 
the test of. Aime, and are. still force. ‘Such a. system of. using s 


at is still vogue. on the lines that then comprised _ the Harriman Line, 


although they are now ‘operated as separate units. 
Important structures built while Mr. saacs was Consulting 


too. numerous , to. mention, and only. a few of the most notable are recorded — 
here. _/The double-deck, ,double-track ‘Sacramento, _Draw- “Bridge is, believed 
to be one of the heaviest. ever built, Other ‘examples of his work. are the 

“Coos. Bay. Draw- Bridge, 458 ft. long; the reinforcement of. the River 
- Viaduet, 1516 ft. long and 320. ft.. above the river hed,..with, practically ‘no 
interruption to traffic; the lift-bridge. over the Willamette, River, Portlar 1d, 


the | Galveston Freight ‘Terminal. and Grain. Elevator 3 t the ‘marine ways: at 


Alameda, Calif. ;, the ‘Empalme Shops, in Mexico; and the Pacific Electric 
and Yards at Calif, He also had charge of the centralized 
plan of inspection established by ‘the Harriman Lines 


ant 


me se ‘Mr. Isaacs was a Charter “Member Wo. 145) of the American Railway & 


Engineering. Association, and served on the Committee on Buildings (1900); 
the Committee on Rails (1908 to 1915 and 1918 to having been 


Berwick Draw- Bridge over the: Atchafalaya. River, in Louisiana ; ; 4 


ros 
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“Locomotive Tonnage Rating—Southern 1 Pacific Company—Pac fic | system” ; fa 

“Effect of Physical Characteristics of. a. Railway upon the Operation Te 
Trains” ;* and “The Economic and Efficient Speed of. Freight Trains”. 
rity Mr. Isaacs passed 2 away at the home of his dau aughter on. Russian Hill in 
San Francisco, where. he had living quietly since his retirement from q 


those six years, he was seen but. little by his host of friends. All strength 


had been exhausted in his forty- -eight years of service to his beloved “Southern 
ur Pa acific”, and he was content to rest during the remaining years of - life, 


Mr. Isaacs. was elected. Member of the American Society o 0 f Civil 


ALBERT LUCTUS, M. Am. Soe. Et hontong 


TLS Tong “asl bolt: ) to: ac it 


active s service with the Southern Pacific Company on J ‘une 1, 1923, During 


= 


“Albert Lucius, the son of Frederick and Amalia (Pudikar) Lucius, was 
9, 1844, at Erfurt, Prussia. He was graduated from the 
Frankfort ‘Polytechnic, Germany, in 1863, and “was” ‘employed asa Mechanical 


big Draftsman until 1865, - which year ‘he came to the United States and made 
his honie New York, NY of Sata) OLE AO. 968 


ta © 


— 


Mr. Lucius was engaged as a Mechanical Draftsman with the Novelty Iron 


ow Works, New York, from 1865 to 187 0, at ‘which time he severed his connection 


with that Company to accept the position of Superintendent of the Petersburg 
a Tron Works, at Petersburg, ‘Va. He remained with the Petersburg Iron Works 
until 1875 and then returned ‘to New York City to accept the position of “4 


‘New Yo rk Elevated Railway. He held 


» 


Elevated Railway. ~ From 1881 until 1883 he served as Principal Assistant 
Engineer of Bridges for the New York, West Shore, , and Buffalo Railway 
7 Company, under the late ‘Walter Katté, M. Am. Soe. C. E., Chief Engineer. 
Finn F _ Among the personal effects of Mr. Lucius a letter | addressed to “Whom It 
~ May Concern”, written by Mr. Katté, and endorsed by the late Cyrus W. Field, 
was found, from which the following is quoted: aot 


ake pleasure in certifying ‘that Mr. Albert ‘Lueius, Civil: nd Mechl 


_ Engineer, is eminently qualified to satisfactorily and skillfully perform all the 
f duties of a Chief Engineer of Railways, Bridge Structures, Elevated Ballway, 


iy the Dept. of Tron Bridging Structures. generally, in the exercise of these 
; duties he was responsible for correct designing and execution of details of all 

; RR Iron Structures on those lines, many of which were of great magnitude, — a 
oe, and calling for engineering ability of a high order. It gives me pleasure to ‘ 
state that his performance of them was in every way 


> 
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1929. 


-yequiring the services a thor qualified Engineer he is e 


mei It is of interest to find two gi notable engineers combining to endorse r. 


the technical ability and qualifications of a fellow ‘member of that profession 
During the latter part of 1883, Mr. Lucius was engaged by ‘the late James 


Eads, F. Am. Soe. President of The Eads Concession Company, to 
te oRe him to London, England, to assist in the plans, specifications, and 


af 


“negotiations for ‘the Tehuantepec tailway. railway was to be 


~ located pera the Isthmus of Tehuanteyec, Mexico, for the purpose of trans- 
porting vessels overland between the two. oceans. ‘ship railway project, 


next: year r and became a member of a firm of bridge contractors. He remained ~ 9 
with» this firm until 1886, at which time he « opened an office in New York 


City” as ‘Consulting Engineer ‘and ‘continued’ in active practice that city 
until his death. quiagsh ont bers ak bag eouil to 


Although Mr. Lucius himself in his private practice to all forms of 


however, , did not materialize, and Mr. Lucius returned to New York City the es ‘a | 


"structural steel designing, he may be said_ to have specialized ‘in the design de 
; 

vf street railway bridges, inasmuch as he designed such structures for the hoe. x 
‘G 


Albany Railroad Company ;_ ; the Franklin and Clearfield Railroad Company ; 
the Lake Erie and Eastern Railroad Company; the Lake Erie and Pittsburgh 


The Bessemer’ and Lake Erie Railroad Company; the Boston and 


Railroad Company ; the Lake Shore and Michigan Southern Railway 
7 pany ; 1 the Maine Central Railway Company ; the New York Central Railroad 


Company; the New York, Ontario, and Western Railway Company; and the 
Pittsburgh and Lake Erie. Railroad | Company. Perhaps his ‘most notable work 
was ‘his design, of the double-track cantilever bridge over the > Ohio River at 


ga 


Beaver, P a., for the Pittsburgh h and Lake Erie Railroad Company.* 
“Mr. Lucius waa inherently an engineer, a clear and an original thinker, et, 

and asa man, most excessively modest. Tt may be truly said of him that he ae “ait 


an 

many real and genuine contributions tot ‘pie, 

during his long and notable veareer. ay 


of On Augus 
resident of Petersburg, Va., who died in } New ork 1919. He is 


Es “survived by his five children, F Frederick “William We and Edward C Lucius, 
Mrs. William E.  Goeringer, and Mrs. William Grimm. bag. 


Mr. . Lucius: was elected a Member of the Society of Civil Engi 


jon March 3, 1886. 30 ak east 


"Alexander “MacDonald, the son of J ohn’ (Fraser) MacDonald, 
as born in Inverness, Scotland, on March 17, 1877. ad saa was one of seven > 


Transactions, Am. Soc. Cc. Vol. (1911), 136. 


Memoir prepared: by Allen S. Davison, Assoc. M. Soc. C 
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R MACDON! 


his early n the ‘schools of 


city and was graduated in 1895 fi from the Naim Academy. 
Mr. MacDonald came to America in 1900, , and started to work in 


as a street- “car conductor, study ing engineering through a corre- | 


‘lsd ‘School in the evenings. — In 1902, in response to. an advertisement, 


; 4 he entered the employ of E. Ww. Hess, N M. Am. Soe. C C.E of Clearfield, Pa., as 
A 

ey an “Assistant Engineer. He remained with Mr. Hess until ‘September, : 1904, 


when 1 he entered. the. Rennselaer Polytechnic Institute, at Troy, N. a to take 


a special engineering course, _ At Rensselaer, he achieved the honor of being 


_ the first. President of the Class of 1908; he was also a member. of the Henadelacr 


aa In 1905, Mr. MacDonald left Rensselaer Polytechnic Institute, going back 


it 
oe to the employ of Mr. Hess, at | Clearfield, and until 1909, he had charge of a 


ield Engineering Corps on, railroad location and construetion, the installa- 


tion of water lines and water supply 1 reservoir, , and the dev elopment of coal and 


clay mines and of maps pertaining thereto 


_. Mr, MacDonald was engaged by th the North Western Mining and Exchange 


Company,, of Du Bois, Pa. »in 1909, and, until 1911, had charge of the making 


t of a complete survey of 3500 acres of coal land, diamond drilling, and location, 


the making of plans of a new shaft, with the necessary buildings and equip- 
ment using electric power. He received a promotion in 1911, being made Chief 


“a 


Engineer | of the North Western - Mining and Exchange Company and « of the 


b ‘Blossburg Coal Company, at Du Bois, subsidiaries of ‘the Erie Railroad 


pany, with holdings of approximately 90 000 acres of coal, o oil, and gas lands. 
His duties included: the supervision of mine projections and development, ‘the 


q 


sf 


design: and construction of a ‘steam turbine- driven central pow er plant, trans 


mission lines and’ sub- -stations, and all other equipment incidental to an ‘elestric 

mining operation. He remained in this position until 1917, when he became 

Chief Engineer for the ‘Pine Run Coal’ Company, at New Bethlehem, Pa., 


where for ‘a year he had charge of the location an d dr illing of ¢ gas and oil 


a in addition to the development of the mines of this Company. — an 


Tn’ 1918, Mr. “MacDonald became Chief of the Key ystone Coal 
Coke Company, of Greensburg, Pa. , which at that time owned twenty 
plants. In 1922, this. of the J 


within a reasonable of each other. “Mr. 
recommended. the purchase | ‘from the West Penn Power 


parts of the United States. VRE ad 1 


‘A 


— Ch 
— 
an 
: hin 
En 
— 
th 
Bp 
t 
1 
i 
| 
origina oldings, presented an interesting prob 
“property, which adjoine 
olidate the purchased power at a sing 
Mr. 1 ‘acDonald’s connection with the Keystone Coal and Cok 
Although til his death, .on, several occasions he had been called 
Engineer on problems in Canada as well as other 
upon to act as Consulting 


R OF GEORGE B THOMA 
id was ¢ considered _one of the most capable engineer 


Mining Engineers, He was" a member. of the Hann S- 
tow n, Gteens urg, and Oakmont py Glubs. He attended the Presbyterian, 


ement, October 1, 1997, he was married to Florence Helen ‘McDonald, the 


Pa., as daughter of Mr. and Mrs. Frank A. McDonald, of. ‘Carnegie, , who biuvives, 
, 1904, him. He is also survived by his parents, four sistera; and two brothers. 
0 take od Mr. “MacDonald was elected a Member of the ee eee of Civil 

‘GEORGE THOMAS MAWSON, M. Am. Soc C. E* 


ay George. Thomas Mawson was born. at Cockermouth, Cumberland, 


stalla- 
al and 


anuary 14, 1881. Educated at the Carlisle School, the youth was 

then. articled as a pupil. to George Watson and Sons, Architects and Surveyors, 

Penrith, England, 1897 to 1900.. From. this source he received his tech 


‘nical education in the design and construction « of public and private buildings | 


and on various municipal under! takings. ot sid 4! ba 
In August, 1900, Mr, Mawson went. to India to, join his, brother Mr, E. 0. 


-Maws son, of the Public Works Department, 1 where he, ‘spent some time on 
famine relief work j int the Rajkot Distri ct. He later acted as Personal Assistant, : ae q 

the Under ‘Secretary to > the Government Public: Works Department _ of 


‘Bombay, on the design. and. construction of large dams, canals, aqueduets, and r, 


in connection with Government famine relief measures. roth, 


a ih 1908 he joined ©. -F. Stevens, Architect, in Bombay, as Chief Assistant 
in charge of the | office and superintendence of work, In this, position. he. was 
Frere) on the design and construction of many large banks and churches ji in of 


In 1903, ‘Mr. Mawson became associated with Messrs, Marsland 


rice and Company, as head of the Poona Branch. © During this service he car- rs 


ried out chiefly Government and public works, to the yalue of $400 000; he held | 


this position until September, 1912, ‘when ‘ie was transferred to. ‘Bombay, as 
General Manager, a position he retained until, he founded his own firm of 


Messrs. Mawson, Vernon Company, in 1919, of which he was Governing 


The following is a list. of a few of the buildings with which fawson 
was aisociated in Bombay: The building for Messrs. King, King and 
Company, the Chartered Bank of India, the Mercantile Bank, ‘the Hong Kong 


| and ‘Shanghai Bank, The Times of India, the Church Missionar ty Society's Ds 


Building, St. Peter’s Church, the British and Foreign. Bible Society, ‘the Royal 
Insurance Company, ‘the Light-foot Refrigerating Company, Limited, 


Memoir prepared by W. Shedden Sinclair, Esq., India. 
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construction, and i de sai ie BK, 
he was | ‘selected to act on a committee appointed the Government, Which 
had for its terms of reference, | 


en _ &T9 investigate ‘the utility of Reinforced Concrete for structures in Bombay 


\g ity by examining such structures as have been in existence for more than 
8 years and reporting on their condition, as well as the probable reasons for the 
corrosion of the steel in such structures: which: ‘may be found to 
Thoroughness: in all he undertook. w _was the keynote of Mr. Mawson’ s life. 


No detail was_ too. small for his personal attention, and clients entrusting 
i work to him, eupaddldae of its nature or size, had ‘every confidence that they 


were receiving unprejudiced as as as highly technical advice; they felt 
assured that their interests were ‘safe in Mr. Mawson’s hands. could have 
"extended his business’ very considerably, but: he regulated number of 
I so that he could give each one his personal attention and supervision. : 
Despite his many professional activities, Mr. ‘Mawson interested himself in 
questions relative to « engineering. ‘He a Vice- President of the Bombay 
ee 4 Branch of the Institute of Engineers (India), a -member of the Bombay Engi- 


a a neering Congress, and was, at all times, 


ar. ready and willing to give ungrudgingly 
and cheerfully « of his best to the many who sought his aid and advice. see 
ee As a member of both English and Scottish Constitutions of Free Masons, 


made a wide circle of all | classes. gave much in an 
 unostentatious 1 way to charity and his early death in the prime of life is 


c = deeply mourned ; India is indeed poorer by the passing of one, who did much 


toward maintaining and enhancing the highest traditions of the "Birthing 


Mr. Mawson is survived by his widow, who was closely, identified with his. 
"professional career as a Co-Director of his firm, the Mawson. Vernon 
We Limited, and with whom ‘much ‘sympathy i is felt in her great loss. 
Mr. Mawson was elected an Associate Member of the American Society of 


cu 


a Civil Engineers on June 30, 1911, ‘and a Member on October 10, ae: mt . 


008 "ARTHUR WELIS ROBINSON, M. ‘Am. ‘Soe. 


mds ‘Arthur Wells Robinson | was born at Collingwoo d,, Ont., Canada, on March > 


fe yct 28, 1861. He was the son of J oseph | Orr Robinson, 'a Solicitor of the Middle 


Temple, London, England, at that time | was ‘engaged i in legal work 


Bey connection with the town site of Collingwood, and of Georgiana Buchanan, the 


daughter of James Buchanan, H.. M. Consul at New York, N. 


hoa Mr. Robinson was: educated at at. Le: amington, England, and, at St. ‘Catha- 
rines, | Ont. ., Canada, and the Brantford (Ont. Collegiate. a mere boy 

showed great ability in mechanical invention and design and at the of 

par * Memoir prepared by F. E. M. Robinson, Que., 
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MEMOIR ARTHU R ROBIN SON 


ntreal, Que, Canada, | to . work under the ‘late 
Dw! 


‘Kennedy, M. “Am. Soc. E. (afterward ‘Sir John Kennedy), Chief Engi- 


ie of the Montreal and St. Lawrence ‘River, Ship “Channel. He 
"remained w with Mr. ‘Kennedy for eight years during which time he w was engaged Mh 


on the design and maintenance of a fleet o of forty. dredges: and vessels used i in i 
_ connection with the ‘Ship Channel, and thus he ‘obtained an intimate knowl- SG 


1885, Mr. Robinson opened an office in Philadelphia, Pa., as 


ingineer, ‘but very soon became associated with: the Company, 


of South Milwaukee, ‘Wis., ‘as Designer and, later, as Managing Engineer, 


In this capacity he laid the foundation of much o 


dredge and steam-shovel design and took out many patents. ‘He also developed he om 4 


§ the. American steam s] shovel, including 1 the large types used i in the i iron ore mines i: 
aa the Lake Superior Region. In 1900, he returned to. Canada and practiced 


ic asa Consulting Engineer in Montreal and, later, v was engaged by the Depart- 


bee of Public Works of Canada. In addition, he acted as Consulting Engi- 


— neer to the Egyptian Government and the Government of the: ‘Sudan, as well 
as to the Crown Agents, for various ‘Colonies. of 


At the request of the Egyptian Government i in 1907, Robinson visited 
he Upper White Nile and made a report on t the great swamp area, known 


as the Sudd Region. In this area much of the water of the White Nile w ras lost: 
through evaporation, and the problem was to Prevent the spreading of the 


q flow from the main channel, thereby checking « evapor ‘ation and saving the wa 
z for use in Egypt, 2 500 miles further down the river. In the Sudd Region thé 


_ great swamp grasses and papyrus reeds | grow ‘15 ft. high and cover ‘the country 


for miles. Aided by his sound judgment ‘and knowledge of the rank growth of og 


this region, Mr. Robinson designed three dredges specially adapted to such 
by their use ‘the river was confined to its ‘proper channel and the 

flow - very greatly increased, thus enabling many ‘more acres to. be i irrigated in 
‘Egypt. He also designed a shallow draft self- -propelling dredge to! ‘cut through — 


constantly shifting sands of the River Niger. This dredge was used in 
| Mesopotamia during the World War—had it been sent there ‘earlier, it would 
have aided greatly the Relief Expedition of the River Tigris 


During this period i in Mr. Robinson’s career he designed dredges for land 


ie 


city one of his dredges, large and small, were also 


from special and individual designs for harbor and river works in India, wd 
China, J apan, Siam, Burmah, and many other ‘The’ Panama Canal 
Cape Cod ‘Canal. 


by tw 
separate and distinct dredges his and this 


without, counting ‘several thousand steam shovels of which many, , of course, — 


are built of a single pattern. Scarcely a river or harbor in the world but 
_shows his. influence, directly or indirectly, ar and it ign not too to say that 
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ae MEMOIR OF ¢ GEORGE ‘SCHERZER ‘WALSH, SR 


no. man has. made s so great a mark on the physical surface of the world 


Mr. Robinson. ‘His active professional life lasted just fifty years. 

He had a unique gift amounting to. genius for mechanical design and ‘this 

, with habits of ; great industry enabled him to produce a constant stream of oa 


and original designs and inventions until the very week of his death. 
a taken out in England and the United States and a still ‘greater | 


num er of inventions, equally as original, were left unprotected. ‘He utilized 
little mathematics and used graphical methods to check his almost 
unerring instinet for appropriate size and strength of material. Many can 
witnes s to his almost uncanny facility in design, and to with 
sige which he could produce a finished drawing of the new thoughts and inventions © 


as they came to him. His was the creative power of a great artist Sydiltine 


For the twenty years most of his dredges: for use outside Canada and 
the ‘United States were built. by: Messrs. Lobnitz and Company, Renfrew, 
Scotland, and with this firm he had the most pleasant relations. At the time 
of] his death the Company was building several dredges from his design for 
use in the Sudan. © Mr. ‘Robinson returned early in) April, 1929 , from a five 
months’ trip to M anc huria, Korea, and Japan where he inspected twenty-six 
harbors, and until just before his death was engaged in in designing machines" 
for work i in a sbara Bas Fan 
_ He was very devoted to the simple life and loved the quiet of the country; 
re was exceedingly fond of, music and flowers and had a wonderful gift for 
gardening; but greater than his achievements was the man himeelf 
A devout Christian, Mr. Robinson lived in the realization of his Master— 
: wiln Him who is invisible.” His faith was unshakable, his honor stainless, 
nd, , of him, his" sorrowing may y well say: “Whatever record leap 
light, he never shall be shamed.’ , 
oe: was a member of the Ar American Society of Mechanical Engineers, ‘the 


4 
Institution of Civil ‘Engineers, London, England, and the Engineering Insti- 

tute anada. yaill: Hoa ttath wollede s hoagicab 9H 


In 1892, he was to ‘Margaret Beatrice, daughter of the late. T, M. a 
Taylor, of Montreal, Que., Canada, who survives him, together with ‘son, 


Robinson, of Upper Melbourne, Que, ont vitseia bobis 
Robinson was elected the American Society of Civil 


Engineers) on February you at iow 


GEORGE SCHERZER WALSH, Sr., M. Am. Soc. €.E.* 


Dy George ‘Scher zer Walsh, Sr., was born at Lockport, WN. in December 99, 


1871, the son of George M. and Ellen (Scherzer) the age of | 7 


- mother having died, he accompanied his father to Line oln, Nebr. , where the 


— 


* Memoir from file at the Headquarters of the Society. 
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MEMOIR: OF GEORGE SCHERZER WALSH, 8 


graduated from the Shattuck School, a at Faribault, Min 


n 1890, and from the Rensselaer Polytechnic Institute, at Troy, N. Yi wi wit 


‘the degree of Civil Engineer, i in 1894. While at Rensselaer, he was iat’ 


On the completion of his' college ‘course, Mr. ‘Walsh ‘went to ‘San Salvador, 


7 "Salvador, Central America, where~he was associated until» 1904. with 
LIZEC 


uncle, ‘the late Albert di Scherzer, M. . Am. Soe. E, ‘in the construction of 


in of the building of the Colombia Pacific éxtendini trom 
Buena Ventura to. Cali, Colombia. He was in this work: 
September 28, 1909, when he returned to the United States. wit 

vol 1910, shortly” after his. ‘marriage, he returned with Mrs. Walsh t 

ok Lincoln, where. they lived until September, 1911, at which time Mr. “Walsh 

7 ca alled back to ‘Colombia as General Manager of the San Beningo Mines, 

a high placer operation on the Upper Porce ‘River. He : again returned to the 

- United States in “May, 1912, but went back to Colombia in November 1 to co! 

tinue’ the ¢ operation of the mine ‘until May, 1913. O08! 

pre In January, 1914, Mr. Walsh sailed for London, England, to make 

a. reports to English capitalists on . South American enterprises, and while abroad ne 


his: son, George Scherzer ‘Walsh, Jn, died in Lincoln. In February, 1915, he 
went to Panama; where he was tg General 


if Buffalo; ‘Kans, largest. ‘manufacturers of paving 
Middle ‘West, he went to Buffalo as General “Manager of this Corporation. 
Tn une, 1918, he went into the Government service as District Engineer in 


charge of ‘District No. 6 for’ the Emergency ‘Fleet Corporation, with head- 
‘ie ‘quarters | at ‘Houston, Tex. After the Armistice he returned to Buffalo, where 


he again took charge of the Buffalo Brick Company on its re- opening: in May, 
ty 1919. He operated the plant of this ‘Company until his death, at Rochester, 


\ - Minn., on. May 28, 1929, where he had g gone for treatment for heart trouble, — 


ee which he contracted from influenza five years previous. 
Mr. Walsh established an enviable record as a ‘railroad and mining engineer 


in the United States and i in Central America and South America. , He was sa 


devoted ‘and true friend, wise in “counsel, charitable, k: kind, and loyal. His 
¥ ability, efficiency, integrity, f and. high standing among: his associates com- 


i - manded the respect ; and devotion of those who knew him both in professional By. 


private life. ‘was a ‘member of the Protestant E Episcopal Church 


He: was married at Louisville, Ky., 01 n June 1, 1910, to uate Estes Leavell, ; 
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Mr. alsh was elected aJ the American Society of Civil Engineers 
on F Pebruary 2, 1897 ; an Associate (Member on ; and Member 


M 
Roy Irvin W son of Irvin B. Webber, and Jane Mary 


He w 
pu 
nd was: 


ollowing his. graduation from Purdue University, Mr. Webber worked for 


a year. as Rodman for the Pennsylvania Railroad. Company, and then spent 
‘re 


eg six months as an Engineer for the Pressed Steel Car Company. ‘From oe 


versity of Dinois i in 1 1906, where he was an 1902 to 1906. 


to 1902, he was Borough Engineer in Sewickley, Pa., from which position he 
went t to the University. of Illinois as Instructor i in Civil Engineering. basin’ 


igre In 1906, Mr. Webber r was engaged as an Instructor. ‘in Civil Engineering : 
The State College and was advanced to. the rank of 


4 Professor. In 1912, he was placed in charge of the Department of Archi- 


tectural Engincering, a position which he: held until, 1918, when he was made 


o held at the t! time of his death, he had charge of the maintenance ha, operation 

2 of ‘the college buildings and service plants, and either designed, or supervised 


was in progr 
immediate future with the $2 250 000 building fund by the 


All this work was under his direction and at the time of his death he was 
2 as completing specifications for the architect on the remodeling of Old Main and > 
the erection "of a mew power plant. He was in almost daily consultation with 
~ eollege officers | concerning these buildings: and had been working strenuously 
his construction tasks for weeks, apparently in his usual excellent health. 
. His death occurred very suddenly from a heart attack induced by acute indi- 


£ a gestion. ¢ ‘Tt is indeed a great loss,” said President Hetzel, of Penn State, 
“Mr. Webber a most valuable one it was a 


fda tan Wats W 


he t took ‘part. in the of a ‘comprehensive. program: of municipal 
improvements. He-had also designed and constructed several business build-— 
and residences at) State College. He was a Director of the First National 
wee, Bank and a leading member of several social and fraternal clubs. He Was an 
- organizer and the first President of the State College Kiwanis Club, and ever 


= since its — he had been a leading mem aber and officer in the State 
P. 
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‘College’ of Commerce. He was also prominen 
fraternity, and a member of the Acacia fraternity. Od TO 


A resolution | passed” by the Board of ‘Directors of the First National Bank 


hap State College on the death of Professor Webber includes the following: 


boy “Resolved, that we express our heartfelt and most solemn regret at the a 


of one so worthy of the confidence and esteem of the community and who has 
contributed so much to the success of the several institutions with which he 
was identified. By his wise counsel and generous service, performed a. 
at no little sacrifice of personal interest, he came to occupy an enviable place _ 


in the esteem of his co- “workers and endeared himself to his official associates.” 


Hew: was ‘married to Olive Holtzberger, of Lafayette, Ind., who, a son, 


Deak and a daughter, Mrs. E. A. Dambly, survives him. 
Professor Webber elected an Associate Member of the A 
of Civil Engineers on. April 1 1908, cand a Member on April 21, 1920. ‘to 


WILLIAM HALSTED WILEY, M. Am. Soe. C. 


— William Halsted Wiley, the son of John and Elizabeth B. (Osgood) Wiley, i 
born on July 10, 1842, in New ‘York, In the early Fifties, Mr. 
Wiley’s family. moved to East Orange, N.. J. “Later, he attended the College 
of the City of New York until just prior to 1861 when the Civil War broke 
out. received his Bachelor of Arts degree several years afterward. 
He joined the Independent Corps of the New York Volunteer | ‘Light 
Infantry’ as First ‘Lieutenant, a an organization later known as the Seventh 
— Many years afterward, he was elected President of the Sev- 
enth Regiment War Veterans. In the course of the: war, he. rose to the com- We 
two companies of artillery, seeing most of his service in South 
Carolina a where. he served with distinction i in a number of severe engagements. 


“He was given mention by y General Gillmore “for efficient and able 


S. 1864, he was retired as Brevet Major “for gallant and meritorious 
After the war, ‘Major Wiley | en ntered, Rensselaer Polytechnic Institute and 
int 1866, was 1a on de 
Sp aug ‘this course with a year r of special work at the Columbia School. Pi 
of Mines. For the next nine years he practiced | engineering in the East asl 
- Middle West, with the Brooklyn, N. Ye Water-Works, the Croton and Reading — ig 


Railroad Company, the Riverside Park, of Chicago, and the Tunnell Hill. 


Coal Company, “near. Zanesville, Ohio (as Superintendent). In 1876, he 


under the firm name of. John Wiley and Sons.. bao 


The Wiley publications: at that. time e included books of f many sorts, but. 


r _ entered | d the publishing | business with his father and his older brother, Charles, 


téchnical and scientific books. From his service in the war and as an enginee 


| ae Wiley soon saw a great opportunity to develop the business into ) one of 
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he noticed d t d an scientific 


made it natural that t he q 


IL 


should be by the ‘West Point. ‘the Annapolis Academies as 


Major Wiley’ wide and varied experience in the engineering field brought 


him into direct contact with the most prominent engineers of the coun ry and 


gave him a first-hand knowledge of their needs. This, knowledge enabled him — 
i to make many suggestions which led to the writing ‘of needed engineering — 


books y well- qualified authors. Thus, the business became definitely one of a 


‘Under his able direction, ‘which continued ‘to the end of his life, ‘ie’ Wiley 
lists grew to include books in all the branches of agriculture, 


a 
years of his life, realizing the close Tink between engineering business, he 


2 ae his associates to develop a group of books in the latter field. Sil 


many years he was the’ American correspondent | of Engineering 


(London) and ‘published | through this paper | an account t of travels which he 
‘ 


wrote with his Sara King. entitled “Yosemite, Alaska, and 


Township 
NJ, serving for one year as its Chairman. He 


oe three terms in Galeri as a Representative from his district i in New 
Jersey. He was a Commissioner from New Je ersey to the St. Louis ‘Exposition — 


iat in 1904, and was President of one of the International J uries of the Brussels _ 
lhe 1897, being decorated with the Order of of Leopold by the King 


aie of Belgium. — He was a member of the Executive ‘Committee of the National 


Security League and, during the ‘World War, was Chairman of the National a 


i Preparedness Committee of the American Society of Mechanical Engineers. — 

Major ‘Wiley also was very” y active in the New York Commandery of 


He was a member of the ‘American Society of Mining and Metallurgical 


| Engineers, and the American Institute of Electrical Engineers. was also 
ae a member of the American Society of Mechanical Engineers and s served. as its : 


ter 


‘Treasurer for -forty- -one years. Major Wiley one of the eighty” men 


ae "present at the meeting on March 15, 1880, at which the American. Society. of E 


founded. He also belonged to The American 
Association for the Advancement of Science, and was member 
clubs, including the University and Engineers’ Clubs of ‘New York, and the — 
Major Wiley was one of the very) early” ‘members of the. Theta ‘Xi Frater-- 
“nity, being the third to be i installed by the eight founders of the Fraternity 
and being i in a large measure responsible for the development ‘of its Constitu- P 
tion. He was its President for nearly ‘two score years: and was as 


‘President Emeritus only a a few years before. his death. £1008, alt 
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Major Wiley ‘was married on 1, 1870, to Joanna 


"ville, Ohio. Both his daughter, Sara King, and Mrs. ‘Wiley are 


bow In all his engineering activities he was ever ready Ki ‘lend a helping hand. 


e earnest efforts and foresight contributed 1 much to the upbuilding of the 7 


who has given ‘freely of his best ‘efforts 1 to make them what they are to- day. z 

‘© The Major, as he was so kindly called, was: most punctilious in all engage- 

4 ments while at the 6 ‘same time tempering his actions by a generous regard for ee 


‘the human relations. He was a past “master at story telling. _ His sense of 


humor ¥ was always keen and, what is quite unique, he never repeated himself. — f 
‘He was a man of close and strong friendships; a home lover. ~ There was 


‘always that chivalry and consideration which bespeaks a gentleman. 
"Above all, he had the quality that convinéed one of absolute truth ho a 
ness which, with his kindly nature, | him to all. He was a man of 


large heart, ‘and keen and broad mind. His « charity was. without regard to 4 

im position, ‘creed, or col or. For years, after the war, he found employment for 


men. who had served under him. He was greatly loved and admired by his 


‘employees, shown by the fact that many have remained in his employ for 


_ In the death of Major Wiley the Engineering | ‘Profession has lost not only 


2 National Societies and he stands out as an example of the type of ‘Pioneer 


technical books have improved « quite as much as has the science and practice E 
of engineering. _ Major Wiley’ 8 name will | go ‘down in the annals of the pro- 


2 fession, among ‘the revered ‘members, as one who served it well. ty ‘ita af 


Major Wiley ‘was elected a a Member of the American Society 


associate, a benefactor. In the long period of his professional | life, 


‘Bice on ‘February 17, 1869, and thus, at the time of his death was one 


of its oldest members. Lae fhe BATON DAT 


HOMAS HIBBEN CLAUSSEN, Am. Soc. C. 
IN. Thomas Hibben Claussen, the son of William Dudley and Mary “(ilibben) Se 


Claussen, was born at Sausalito, Calif., on March 26, 1892. * His father was 
- born in Algiers, Africa, and was raised a British subject, whereas his mother 
was of Canadian birth, ‘Mr. Claussen’s boyhood life was spent at Sausalito 


where his mother still resides.” His father died i in 1920. 

While attending the pu Claussen a one 
time was a pupil of Kathleen Norris, the novelist. At an brett age he entered 


2 the Hitchcock Military Academy, at ‘San Rafael, Calif., from which he was ae 


graduated i in 1910. From’ 1910 to 1916 ‘he civil Ungirideding at Leland 


Stanford J r. University at Palo Alto, if., with brief intermissions during 


which time was as in the employ of of Sausalito as Draftsman on 
» he entered 


Assoc. M. Am. Soc. C 
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MEMOI OF PAUL MAX ENTENMAN 
17, Mr. Claussen enlisted i in the ailitary service and soon Se 

attained. the ‘rank of in the Intelligence Section of the 363d Infantry. 

. 
After a period of about one year in . this branch, he was. commissioned Second § hi 
Se ‘Lieutenant of the 50th Field Artillery, 91st Division, and acted as Instructor, ow 
training: recruits in the military camps in the Eastern and Southeastern mest N 
; of the countr try 1 until the close. of the World War. He was honorably discharge at 
During the fir first half of (1919 Mr. . Claussen served two of about 
ee months ‘each, with the Gorman Engineering ; Company and Hunter and § fh 
Consulting Engineers, of San Francisco. | 


August, 1919, brought an important | change to Claussen when he T 
aga ‘the United ‘States ‘Reclamation | Service where, for the next six years, § Y 


he filled several responsible. assignments, the first of which was as Assistant an 


in charge: of silt survey, at the Elephant Butte Reservoir. He then, 


successively, acted : as Assistant Engineer and Chie: ‘Hydrographer on the Rio 


Grande Project ; made studies of water surface curve, standing wave, and 


pressure, at the Percha Weir; investigated th the consumptive use of 


water on the Rio Grande Project; ‘determined stresses at the Elephant Butte 


a Dam; and studied the effect of back- water from the Elephant Butte Reservoir. - 
1922, as Assistant Engineer, he aided in gathering data for 
be ‘Teport on ood control for ‘the ‘Lower Rio Grande. Valley; subsequently, he 


assisted on a report on the irrigation of Hope Community | from Penasco River, 


including an reconnaissance survey and office compilations; and assisted on 
report for a tri- -country project in Nebraska. . He was transferred to the Yuma , 


P roject in November, 1923, ‘where he held a ‘position as ‘Assistant Engineer 


until July, 1925, when he retired from the Reclamation ‘Service to enter the. 

ith 
teu August 9, 1925 , Mr. ‘Claussen accepted a p position with the Division 


a Engineering and Irrigation of the State of California which ;Department 


was then engaged in a “comprehensive ‘State- wide water conservation survey. 


ss He remained with this Department until F ebruary, 


ruary, 1927, when he was forced 
to give up his position, due to ill ill health. ining: and | Metallurg 


March 7, 1924, Mr. Claussen was married . to Winifred Dodds, of 


Beatrice, Nebr., who, with his mother, survives him 


During his short career Mr. Claussen won the a admiration of a host 
| ae friends due to his unfailing good nature and staunchness of character, and his 


early demise i is keenly by all _who 


af 


Claussen was elected a ‘Junior r of the American Society of Civil 
_ Engineers o on November 25, 1919, and an Associate Member on May 19, 1924. 


hus fa: P AUL M MAX ENTENMAN, Assoc. E. by 


Paul Max Entenman, the son of Herman and ‘Marie: Entenman. , was born 
4 in New York, on January 19, 1887 After graduating from Pub: 


OTR 
e ie School No. 77 in Manhattan in 1900, he was a student at the —— 
Soc. C 
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School in The Bronx for two, years. He engineering 


_ Cooper Union from 1902 to 1907, graduated as the 


“his Class, w with the degree of Bachelor of Science. "Among. his classmates 


was Morg an F, Larson, “Assoc. Am. Soe, the present: Governor of 
N ew Jerse; Mr. continued hi his studies by taking evening courses 


AT 


“the: Poly technic Institute of Brooklyn from 1 1907 to 1909, from which he a 


graduated with. the degree of Civil Engineer. Later, he did some post- 


graduate work i in ‘special: subjects Columbia University at the Brooklyn 


bi 


_ From August, 1904, 4 to June, 1906, Mr. Entenman served as a Rodman and 
_ Topographical Draftsman with the Rapid Transit Railroad Commission, New i 
York City, on the ¢ construction subways. He was ‘promoted to the grade hey 


Assistant Engineer, holding ‘that position under the same ‘Commission and 
its successor, the Public Service Commission for the First ‘District, until 


OF 


Noy ember, 1914. 
construction, including in -cover work i in rock and 
soft. ground, and i in the underpinning | of buildings as wel as rh the many 


complicated features incidental to such construction. edd al 


ervoir. fo He was very much interested in and applied himself zealously to this work, 


for a “appro oaching all the problems: with a true engineer’ s mind, taking nothing for 


ly, he : granted, but, searching out the reasons. He was indefatigable i in his attention ; 
River, § to his duties. During this time he made the . acquaintance of the late Clifford 


ona _M, Holland, M, n. Soe. . then a young Assistant Engineer on the 

Yuma same work, who, later, became the Chief Engineer of the Vehicular Tunnel 

gineer under the Hudson. River r, which bears his name. The two men became firm 

er the friends and this inspiring and unselfish friendship endured ‘until ¢ death ‘sepa- 

rated them.. had a high respect for the other’ character. and attainments, 


hehe each was generous in 1 his praise of the other’s accomplishments. aniwath 
Entenman’s strenuous devotion to his work overtaxed him and 


health suffered consequence, so. that in | November, 1914, he gave up his 


4 ‘position in ‘New. Y ork and went to Los Angeles, Calif. ! where he spent about. j 
two years recuperating. He then decided not to return to the East, but to 


take up work in Southern California, evoitghy eid 
de In October, 1916, he went to Calexico, Calif., on the Mexican border, to 
work, with Joseph C. ‘Allison, M. Am, Soe... C. E,, , and in April, 1919, they 


a partnership for. the general practice of engineering with offices 
a” at Calexico. and Los Angeles. This partnership continued until March, 1923. % 


Py _ Among - other r activities, , Mr. Entenman was engaged | on irrigation work i in the 


Imperial Vv alley, on. flood control and irrigation on the Colorado Delta in 


Lower California, cand as Engineer of the Palo Verde Irrigation | istrict at 
6) 
Blythe, Calif. system of levees was designed and built, to protect the Palo 


a 

Verde Basin f from the. floods of the Colorado River. From 1919 to, 1921 % 
_ also served as the City Engineer of Calexico, which then | had a population of 

a about 10 000. _ During this time he designed ar and built its water-works system 


as well ; other ublic i im npfovements, 


A. relapse. in 1921 Mr. Entenman remove to Banning in the San 
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‘thie’ hoine in which he lived his death. Although his. illness hin 


from traveling about and —_ field work he remained active otherwise, From 
is home he directed in 1928, ground-water survey it in Lower California a and 
‘Mexico, for’ the Colorado Tand Company, “to “ascertain the feasibility of 


: "obtaining, by pu mping, ‘a supply of water ‘for irrig ating land too high to be | 
‘reached by gravity ‘the Colorado River. In 1926, he ‘designed for Mr, 


‘the’ Bee River Sipho1 n in Lower California, This was a true siphon, 


ae ‘ ‘consisting ‘of pipes « designed to take water from the Colorado River over the 


levee into the Bee River—an old channel once occupied by 1 the Colorado River 


. “40 irrigate delta lands to the west. The siphon was completed i in 1928, and 
“has operated very succe essfully. The required a careful tesearch into 


2 engineering literature relating to the principles of true siphons. Tt was Mr. 

_Entenman’ s intention to prepare a paper for the Society describing the 
i features of this work, but death intervened before he completed it. ff 
Ea “His experience with works in the Colorado River Basin led him to make §j wh 


ey Vig tke 


& broad and careful study of the problems and characteristics of that river § bi 
and he | contributed to the discussions | concerning them in the Society’s Trans- in! 


ay 
actions and in the technical press. The Boulder Canyon ‘Project, with its 

- iimense dam in Black Canyon, naturally interested him deeply, and he was a iI 


“Tn spite | of failure of his physical strength, Mr. ‘Entenmar n retained an 
car n imagine the bitter ‘disappoin ment of a man, 


“young in years, , brought to the realization that all the force and prilliancy a 
Of his mind could not release him from ‘the thraldom of ill health and that he § 


; must give ‘up his cherished ambition to accompli sh g great things in his chosen 
= profession ; ney never losing his” courage, , he faced the situation squarely, and 


accepted it strong ‘man faces his fate, however hard it may be. The 
for his Bee River Siphon were made while he was 


e was half reclining 
“on his cot, yet the draftsmanship ‘was such as would do credit | to any engi- 


re *iledbing “Glee! From: the porch of his home he could see, over the tops of 
the: summit of “Mt. San J acinto, generally snow-capped, 


er and the tree branches were ‘trimmed so that ‘the outlook would be unobstructe 
This glorious view of the majestic mountain. gave him comfort. and s 


Tt was an inspiring experience to spend an hour with him . His knowledge 
“of subjects under discussion was 80 profound and his’ viewpoint 80 full of 


interest that one always came away feeling richer | for the contact. ix was” 


he read. “He had a broad and his style of wiiting v was lear, forceful 
es ‘and delightful.” Many who knew him, like the v writer, fo und it hard to under- 
“stand why’ one gifted with such | a wonderful mind, « clear vision, natural leader 
. ‘ship, ‘and fine personality should be taken away, at such an early age, from the 
— fidld of ac ction where the qualities he possessed are so much needed. A friend | 
speaking at his. funeral ‘services said, in) part yen Of 


Paul a brilliant mind aiid Hed a great for learning. 
* ARs. was a man of turbulent interests ‘and subtle perceptions. He himself 
ta was brutally cored and liked others to be so. One had to brace one’s ‘feet 


t 
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mest hin: There to shirk or hide behind. a graceful pc pose or 

a cultivated one, or any other kind of barrier between yourself and him, __ 
“That was his genius—people became closer knit and more self- contained — 
che was around. He enjoyed life and had no listless pleasures. ‘His’ 
mind was always active and this indefatigable creative energy ‘sustained ‘him 

through years of ill health, nor did it subside until the end. . boftsq 8 roby Tap 
“He felt the enthusiasm of discovery; he felt that existence was inspiring; Ms 


he endeavored to extract the intrinsic from the accidental in love and beauty— 


‘stood his fate—racked i in soul was never sic tick 


Hew was ‘married | on June 27, 1921, to Edith Burnette, of San Diego, Calif., 


who survives him. Through he wonderfully sympathetic cunderstan of 
rive him and his needs she was of great assistance to him in his “thease collecting 
ver. 4 
= information and making observations for him when the were re uired. i. 
rans- y “a 
th its . Entenman was elected a Junior of the American Society of Civil’ 
was a Engineers on March 1, 1910, and an ‘Associate Member on February 4, 1913, 
ed an EDWIN PHILIP FOX, Assoc. M. am, Soe, C, E. 
thosen 


and Phillies Pe, , on "March 19, 1881 Mr. Fox's training 
_ The received in the schools of Philadelphia, 


first position that of Mechanical Draftsman with the Chicago 
Pneumatic | Tool Company, which covered the period from March, 1900, t eo } 


January, 1901. ‘Mr. Fox then acted successively in the following capacities 


From January, 1901, to February, | 1902, as ‘Structural Draftsman for the 


McClintic-Marshall Construction Company at Pottstown, Pa.; ; from 1 February 
to. September, 1902, as Structural Draftsman with Steel. and Wike, a at 
-delphia; from. September, 1902, to July, 1904, as Structural Draftsman and 


vledge Squad Leader for L. F. “Shoemaker and Company, « of Philadelphia ; from 


ull of ‘July, 1904, to January, 1905, as Structural Draftsman for the American: 
Company, at Pencoyd, Pa. ; from J anuary, 1905, to 1907, as 
what Squad Leader { for ‘McClintic- Marshall Construction Company, at Potts- 


Heel town; from August, 1907, to March, 1908, as Squad Leader for the American ty 
inder- - Bridge Company, at Pencoyd; and from March to June, 1908, in a temporary is 


eader- engagement to: look after drawing- -room work ‘the Reventazen Bridge i in 
m the Costa Rica for the Baltimore Bridge Company, of Baltimore, Md. Gate 
friend In June, 1908, Mr. Fox : again entered the employ of the ‘MeClintic-Marshall 


RE 
Construction Company, in charge. of structural, detailing, estimating, and 


Th 
Nha 


designing, standardizing of ‘shop drawings, and, in addition, acting as De- 


* Memoir prepared from on file at Society Headquarters. 
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signing Engineer on ‘general plant layout. He had charge of detail design 


a and of inspection of the: ‘structural work or the o erating shields for tunnels 


In all, Mr. Fox, remained. with the McClintic- Marshall Construction Com- 
pany for a period of about {4 twenty years, atid i it was on the recommendation of | 


omens that he went with the Wheeling Steel Corporation, at Wheeling, 


W.Va, ‘to take charge « of its structural work. 

In ‘April, 1924, Mr. Fox. went to Cleveland, Ohio, with, the orrest City 

Structural Steel Company, as, Chief Engineer and» Vice- President of the 


Company . He remained with this Company until J: anuary, 192 8, when he 


was ‘made Assi stant General Manager of the Petroleum Tron Works Company, 
at Beaumont, Tex., , which office e he held at the time of his death on April 
Mr. Fox. was widely an authority on structural work, He was 


hs « of the founders of The Builders Exchange of Beaumont, Vice- President 


al 
a. the Gulf States Erection Company of Beaumont, | as we ell as a member of 


the Chamber of Commerce and of the Rotary Club and the Beaumont Chub. | ‘ 


was also a member Centennial Lodge No. 544, A. F. and A. M. Of 


Pa., and of the Lutheran Church. with ne | 
As ‘ 4 “pS 4 “4 a 
Mr. Fox was married i in 1903 to Annie B. Auchenbach who. with: one son . 
and two daughters, survives him. 


segs Mr. Fox was s elected | an Associate ‘Member of 


end 


Civil Engineers | on September 9, 
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